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HONEYCOMB LUNGS 1 

By NEVILLE OSWALD and THOMAS PARKINSON 
(From St Bartholomew’s Hospital and Brompton Hospital, London) 

With Plates 1 to 4 

The confusion of terms in medical literature concerning cystic conditions of 
the lungs is well known Following the example of Koontz (1926) there has 
been a tendency to group together all such disorders, whether they he localized 
or generalized in distribution, or whether they derive from bronchial or alveolar 
tissue It is beco min g increasingly evident that some cysts are secondary to 
bronchial obstruction, whilst others are closely related to bronchiectasis , there 
is also a smaller group in which the causative factor is not clear and for which 
the easy and often unjustified assumption that they are oongerutal is made 
Tn the present paper it is proposed to describe a single variety of oystio 
disease m which there are thin-walled cysts distributed uniformly throughout the 
substance of both lungs, varying m size up to a maximum of 1 cm in diameter 
Sixteen such cases, including one previously reported by Fletcher (1901), 
have been collected In six the disease formed part of a general medical disorder 
and in 10 there was no evidence, or insufficient evidence, of disease outside the 
lungs The clinical features of the group are distinctive, namely, spontane- 
ous pneumothorax which is frequently bilateral, and progressive nght heart 
failure whioh is almost invariably the cause of death Similar cases have been 
described as ‘ congenital cystio disease’ (Koontz, 1926), ‘alveolar oystio disease’, 
and ‘cystic emphysema’ (Willis and Almeyda, 1943, Pahard, Plauchu, Galy, 
and Papillon, 1946), but none of these terms appears justifiable m the present 
state of our knowledge In the absence of a satisfactory name incorporating an 
anatomical and aetiological description, the group is given the simple name of 
‘honeycomb lungs’, being descriptive of the appearance of the out surface of 
the lungs (Plate 3, Fig 9) 

Honeycomb Lungs Associated with Other Disorders 
Although individual cases have been reported in which honeycomb lungs have 
occurred in conjunction with other diseases such as xanthomatosis, tuberous 
Bolerosis and allied disorders, biliary cirrhosis, and pituitary disorders, no 
attempt has been made to collect and correlate them The six cases reported 
here are grouped together with similar ones from the literature with a view to 
establishing their entity 

Xanthomatosis Case 1, a female child aged nine months For four months 
pnor to admission to hospital there had been swelling of the lymphnodes m the 

1 Received July 16, 1948 
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neck, and occasional vomiting Three weeks before ad m ission she was found to 
be anaemic On examination she was a very ill, blue infant There was no 
jaundice Large firm smooth cervical lymphnodes were present, and adherent 
to the deep structures There was dyspnoea, and bronchial breath sounds and 
coarse rales were heard over the lungs The hver and spleen were enlarged 
Death took place nin e days after admission 
Before death, a blood count showed haemoglobin 53 per cent , red cells 
2,880,000 per c mm , and white cells 16,000 per c mm The Wassermann reaction 
was negative Radiological exa min ation of the ohesrt showed scattered opacities 
through both lung fields giving rise to a trabeculated appearance In the skull 
there were focal areas of rarefaction There was rarefaction and collapse m the 
dorsal spine 

On post-mortem examination, the lungs showed a diffuse honeycomb - 
appearance, the size of the oyBts being up to 0 9 cm in diameter (Plate 3, Fig 
11) Between the cysts there were confluent areas of organizing broncho- 
pneumonia There were xanthomatous foci in the vault of the skull, basisphenoid, 
pituitary fossa, the body of the ninth thoracic vertebra, and the ninth left nb 
There were scattered xanthomatous nodules throughout the liver The spleen 
was enlarged but otherwise normal The cervical, coekao, and lumbar lymph- 
nodes were enlarged and infiltrated with xanthomatous material Microscopy 
showed granulomatous infiltration of the lungs and other affected organs with 
conspicuous multmucleate giant cells of the Touton type, some of which 
contained lipoid Lipoid was scanty in the lymphnodes There was no demon- 
strable infiltration of the spleen The thymus showed marked xanthomatous 
infiltration. 

The occurrence of cystic changes in the lungs m xanthomatosis was first 
described by Rowland (1928), and a subsequent case (Farber, Hampton, and 
Mueller, 1942) was reported with similar changes Currens and Popp (1943) 
reported a case of Hand-Schuller-Chnstian disease with radiological changes 
suggestive of honeycomb lungs The mam features of these three oases, together 
with our Case 1, are summarized m Table I Histologically the lungs showed 
fibrosis and lipoid-cell proliferation m the interstitial tissue m the three cases 
which came to autopsy, and m one (Rowland, 1928, 1929) there were papillary 
outgrowths into the lununa of the bronchioles, suggesting that partial bronchi- 
olar obstruction might be a factor in the production of the air spaces The case 
of Currens and Popp (1943) showed the pulmonary changes at an older age than 
the fatal cases , these changes presumably represent a healing and fibrotic phase 
of the disease In addition to those cases in which cyst formation occurs, there 
are others which show pulmonary infiltration with interstitial hpoid histio- 
cytosis and pulmonary fibrosis (Griffith, 1922, Thompson, Keegan, and Dunn, 
1925, Turner, Davidson, and White, 1925, Kyrklund, 1926) Thannhauser 
(1940), m describing the normocholesterolaemic type of essential xanthomatosis, 
stated that a type occurs in which pulmonary changes may predominate He 
wrote that there was 'small, patchy, bronchial, pneumonic infiltration of the 
lung with xanthomatous granuloma tissue resulting in fibrosis of the lung ’ He 
emphasized that pulmonary lipoidosis never occurs alone, being always asso- 
ciated with infiltration of bones, lymphnodes, or dura Pulmonary infiltration 
without the honeycomb appearance has also been reported m Gaucher’s disease 
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cyst-like spaces surrounded by thick -white walls representing cystic dilatations 
of the bile ducts The other organs were normal Microscopy of the lungs 
showed acute bronchitis The cystio spaces were lined with flat epithelium and 
the walls showed leucooytic infiltration There was vascular engorgement of the 
interstitial tissue and inflammatory cells were present m large numbers In 
the liver there was severe and widespread inflammation of the mucosa of the 
large bile duots, the walls of which were considerably disorganized There was 
retention of bile in the lobular biliary vessels 

Case 3, a male child aged two years and nine months, was admitted m 
September 1930 There was an indefinite history of loss of weight, cough, and 
shortness of breath On admission there were signs of bilateral broncho- 
pneumonia and he also had faucial diphtheria He was transferred to a fever 
hospital, but re-admitted a month later with severe dyspnoea and cyanosis He 
was afebrile On examination his fingers were clubbed The percussion note 
over the chest was hyperresonant Rhonchi were present throughout the lungs 
During the next two weeks his condition deteriorated and he died from progres- 
sive heart failure On post-mortem examination, diffuse oystic changes were - 
found throughout both lungs The liver was studded with pale nodules On 
microscopy, the lungs were inflamed, and there was a polymorphonuclear 
infiltration in the interstitial tissue The cyst spaces were irregular in size and 
contained varying degrees of epithelial lining In many places there were 
enlarged alveoli which appeared to coalesce in the formation of single large 
cysts The hver showed widespread subacute and chrome inflammation of the 
mucosa of the large bile duots with concentric fibrosis The inflammatory cells 
were mostly mononuclear, plasma cells predominating 

These two oases are separated from the others by the occurrence of inflam- 
mation of the bile ducts giving rise to hepatic biliary oirrhosis In neither case 
was there evidence of reticulum-cell proliferation of the type seen m the 
xanthomatoses or in the Letterer-Siwe disease, nor was the infecting organism 
identified It is difficult, however, to dissooiate them completely from the 
reticuloses already discussed There is a remarkable similarity m their ages at 
death and in their pathological changes The case of Farber, Hampton, and 
Mueller (1942), which was described as an instance of the Letterer-Siwe disease, 
showed essentially a granuloma affecting the lungs, lymphnodes, bone-marrow, 
and hver, with biliary cirrhosis due partly to obstruction of the common duct 
by enlarged lymphnodes and granulation tissue, and partly to granulomatous 
invasion of the hver parenchyma Wallgren (1940) described a case of the 
Letterer-Siwe disease, without pulmonary manifestations, m which there was 
jaundice and hepatic fibrosis, produced by a granuloma-like proliferation of the 
cells of the reticulo-endothelial system In view of the rarity of honeycomb 
lungs in association with general medical disorders it is possible that these two 
cases represent an acute variety of reticulosis , alternatively their similarities 
may be regarded as a coincidence 

Tuberous sclerosis and allied disorders Attention was first drawn to the 
occurrence of honeycomb lungs in tuberous solerosis by Berg and Vojlens (1930) 
and the radiological and pathological details of their case were more fully 
described by Berg and Zaohnsson (1941) and Vejlens (1941) Three other 
oases have since been reported (Samuelsen, 1942, Pahard, Plauohu, Galy, 
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(Merklen, Waitz, and Warter, 1933, Myors, 1937). It appears that pulmonary 
xanthomatosis is not very rare and that in the early stages there is a prolifera- 
tion of roticulo-endothehal cells containing lipoid If healing takes place, the 
hpoid colls are replaced by diffuse interstitial fibrosis In a limited number of 

Table n 

Honeycomb Lungs Associated with Biliary Cirrhosis 

Respiratory Other 

symptoms symptoms 


Author 

Caso 2 of present paper 
(Fletcher, 1901) 

Caso 3 of present paper 

+ = Prcsont 

such cases cyst formation and a generalized honeycomb appearance of the lungs 
occurs 

A fow years ago a rapidly fatal aloukaomio reticulosis of infants was de- 
scribed by Lettercr (1924) and Sure (1933), which was later termed the Letterer- 
Siwo disease (Abt and Dononholz, 1936) The characteristic cell was a non- 
lipoid-contauung largo mononuclear, being found mainly in the liver, spleen, 
and lympltnodos, but occasionally invading the alveob, alveolar walls, and 
pulmonary capillaries m large numbers More recently, views have been ex- 
pressed that the Lotterer-Siwe disease is not a specific form of reticulosis 
(Letterer, 1938, Farber, 1941 , Jaffe and Lichtenstein, 1944) It is likely that 
Hand-Schullor-Chmtian disease, Lotterer-Siwe disease, and the eosmopluho 
granuloma of bone of Otam and Ehrlich (1940) are all manifestations of the same 
diseoso, which may occasionally give rise to infiltration or even a honeycomb 
appearance of the lungs (Mallory, 1942) 

Hepatic disorders in infancy The following two cases are reported ns examples 
of honeycomb lungs occurring m infants m whom there waB also evidence of 
biliary cirrhosis (Table II) The first of these cases (Case 2) was previously 
reported by Fletcher (1901) 

Case 2, a male child aged 31 years, was admitted in April 1900 He had suffered 
from bronchitis when four months old Two weeks before admission he had 
had abdo min al pam, which was followed by breathlessness and cough On 
examination he was a fat child The respiratory rate was 80 to 90 per minute 
Rales and rhoncki were heard over both lungs The liver was enlarged, hut not 
the spleen There was no jaundice The urine contained no abnormal con- 
stituents He died with extreme dyspnoea five days after admission 

On post-mortem examination, the lungs were voluminous, and the pleural 
surfaces studded with bullae The cut surface was reddish-grey and was nddled 
with spherical spaces, giving a honeycomb appearance There was no evidence 
of tuberculosis The hver weighed 600 gm and contained a large number of 
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and pathological data of these cases are summarized in Table HX It is note- 
worthy that all patients except one were female None of the cases of tuberous 
sclerosis showed any evidence of fits or imbecility, but all except one had adenoma 
sebaceum and subungual fibromata The case of Samuelsen (1942) is of parti- 
cular interest as there were none of the usual manifestations of tuberous 
sclerosis during life, the diagnosis resting on typical histological changes in the 
lungs, brain, and kidneys at autopsy, emphasizing that the pulmonary lesions 
may be the sole cluneal manifestation. The case of Paliard, Plaucbn, Galy, and 
Papillon (1946) differs from all the other recorded cases in that the cystic 
changes were larger and not distributed so uniformly throughout the lungB The 
cases of Lutembacher (1918), Santos and Wohlwill (1942), and Burrell and Boss 
(1937) are examples of mesodermal embryonic neoplasms in whioh the lungs 
were diffusely infiltrated with leiomyomatous tissue (Plate 4, Pig 12) with the 
secondary production of cysts and m which there was a similar neoplasia in 
other organs In the cases described by de line Lioht (1942), Boaendal (1942), 
and von StOssel (1937) there was simple but gross hyperplasia of smooth muscle 
in the lungs without involvement of other organs 
The justification for considering these cases together lies in their pathological 
similarity, with pulmonary changes as a common factor The pathogenesiB of 
tuberous Bolero sis is imperfectly understood, hut it is probably a developmental 
anomaly, either neoplastic or teratoplastic, to which the term ‘neodysplasia 5 
has been given (Wilson, 1940) The sites commonly affected are the brain, 
skin, kidneys, heart, and retina The visceral changes have been described as 
predominantly myomatous, angiomatous, fibrous, or lipomatous, or as any 
combination of these The origin of the muscle-tissue m the various tumours 
iB uncertain, hut it may derive from the blood-vessels, and be allied to the 
angiomatoses of the Hippel-Lmdau and the Sturge-Weber syndromes (Hall, 
1946) Incomplete forms of the disease occur and diffuse pulmonary myomatosis 
might well be the only manifestation m some cases 
Pituitary disorders A few cases of honeycomb lungs have been reported in 
conjunction with diabetes insipidus, but m none has there been post-mortem 
proof of the aetiology of the pulmonary or pituitary disease In two patients in 
the present senes there was evidence of pituitary abnormality. 

Case 5, a boy aged 15 years, was admitted in January 1948 He was the 
eldest of seven children, his parents and the other children being healthy He 
had had an attack of mumps at the age of three years, but no other childhood , 
ailments, and his early development had been normal At the age of seven years 
he had had an attack of whooping-cough, after which he had suffered from a 
persistent lrntatmg cough, and it was noticed that be ceased to grow. During 
the three years before admission he had had frequent attacks of dyspnoea, and 
bouts of coughing lasting for several weeks, during which he produced purulent 
sputum Four months before admission he had been in another hospital with 
a nght-sided spontaneous pneumothorax The lung had re-expanded after rest 
Thoro was no history of polyuria or polydypsia On admission he was an unduly 
small but normally proportioned child His weight was 24 kilos and his height 
129 cm His intelligence quotient was 75 per cent , his mentality corresponding 
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and Papillon, 1940, Borg and Nordenskjflld, 1946), and Loewenstem and 
Steel (1941) reported a case of tuberous solerosis with retinal tumours m which 
there was ‘infiltration of both lungs’ m sonal radiographs The following case 
is an examplo of tuborous sclerosis in wluch the radiological pulmonary changes 
wore characteristic of honeycomb lung 

Case 4, a woman aged 31 years Her only complaint was that she had suffered 
from dyspnoea on oxortion for five years, which was insufficient to prevent her 
loading a normal hfo Sho had never suffered from fits and there were no 
mental changes Sho had had adenoma sebacoum of the face since the age of 
threo years and this had been confirmed by biopsy Nothing was known of her 
family history except that one sistor was said to suffer from asthma There was 
no history of rheumatic fovor or other illness On examination she was a well- 
dovoloped woman with a normal mentality There was adenoma sebacoum of 
the cheeks and subungual fibromata of the toes Retinoscopy was normal The 
heart was normal in size and there was a systolic and diastoho murmur at the 
apex Thoro were no abnormal signs m tho lungs Both kidneys were palpable 
and tho spleen could just bo felt on full inspiration There was no clubbing of 
the fingers 

Tho whito colls w ere 8,600 per c mm , and differential count, neutrophils 81 
per cent , lymphocytes 14 per cent , monocytes 4 per cent , and eosinophils I per 
cent Tho erythrocyte sochmontation rate was 10 mm m one hour (Wmtrobe) 
Tho Mantoux reaction was positive to a 1/10,000 dilution The plasma- 
protoins wore total 6 3 gm per 100 c c , albumin 3 6 gm , globulin 2 4 gm , and 
fibnnogon 0 3 gm per 100 o o Radiological examination showed a diffuse 
reticulation throughout both lungs (Plate 1, Pig 1), Excretion pyelography 
showed enlargement of tho loft kidney, tho calyces and pelvis of which were 
displaced downw ards, suggesting a cyst or tumour in the upper polo The skull 
was normal Tho long bones showed no abnormality apart from a slight 
periosteal reaction in tho middle thirds of the tibmo and a small cortical erosion 
on the proximal phalanx of tho left second finger Tho unne con tamed no 
albumin or abnormal deposits 

The combination of adenoma sebaceum, subungual fibromata, and charac- 
teristic pulmonary changes is sufficient for a diagnoss of tuborous solerosis, so 
that tho tumour m the left kidney is almost certainly a myoma The mitral 
diastohe murmur might possibly bo due to myomatous infiltration of the heart, 
in view of the complete absence of evidence of a rheumatic origin In addition 
to these cases of unequivocal tuberous sclerosis a number of similar but obscure 
cases has been reported m which there were honeycomb lungs associated with 
multifocal mesodermal dysplasia of a kind resembling that found in tuberous 
solerosis, but the characteristic cluneal signs of this disease were absent and 
histological exa min ation of the brain was not recorded (Lutembacher, 1918, 
Santos and Wohlwill, 1942 , Burrell and Ross, 1937) A thud group of cases has 
also been described which, from the nature of the histological changes, seems 
to be allied to tuberous sclerosis This group is characterized by honeyoomb 
lungs showing histologically a vast increase in musoular tissue Von StOssel 
(1937) described two suoh cases under the title of ‘muscular cirrhosis of the 
lung’ De line Licht (1942) and Rosendal (1942) described similar cases and 
postulated that they were formes frustes of tuberous sclerosis The mam clinical 
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to that of a child of 10 years There was gross clubbing of the fingers and toes 
There was no growth of pubic hair, the testicles were undescended, and the 
voice unbroken No abnormality was found in the central nervous system The 
pulmonary second heart sound was accentuated The blood-pressure was 
110/70 The chest was thin, the lower part of the sternum prominent, and there 
was a Harrison’s sulcus Bales and rhonchi were heard over both lungs The 
hver and spleen were not enlarged 

The average daily urinary output was 750 c c , and there was no abnormal 
urinary deposit The daily amount of sputum was 30 c c , and exa mina tion for 
tubercle bacilli negative The predominant organis m s on culture were Strepto- 
coccus mndans and Neisserta catarrhahs The Wassermann reaction was 
negative A blood count showed haemoglobin 100 per cent , red cells 5,400,000 
per c mm , and white cells 10,000 per c mm , the differential count being 
wi thin normal limi ts A glucose tolerance curve was normal The basal 
metabohc rate was —37 per cent The vital capacity was 500 c o The blood-urea 
was 20 mg per 100 o c and the plasma-cholesterol 230 mg per 100 c c The 
plasma-proteins were 8 5 gm per 100 c c The Mantoux reaction was positive 
to 1/1,000 dilution An electrocardiogram showed right axis deviation with 
peaking of the P wave in Lead H A hver biopsy showed normal hver structure 
Liver function tests revealed no abnormality Radiological examination of the 
chest showed a fine reticulation through both lung fields with numerous nng 
shadows from 3 to 5 mm m diameter Tomography confirmed the presence of 
the ring shadows A hronchogram on the left side was normal, none of the cyst 
spaces filling with oil (Plate 2, Pig 8) X-rays of the skeleton showed that all 
hones were small, corresponding in size with those of a child of seven years The 
epiphyses were normal and corresponded in age to about 13 years The calcium 
content of the hones was normal The skull was small hut otherwise normal 
The dwarfism was considered to he of pituitary origin 

Case 6, a man aged 36 years, was admitted m May 1936 with breathlessness, 
cough, and a trace of sputum The family history was not significant For rune 
years he had suffered from diabetes insipidus and was m the habit of dri nking 
about 24 pints of fluid daily In 1930 he had had a right spontaneous pneumo- 
thorax On examination he was emaciated and had a dry atrophic skin There 
was excessive pigmentation of the abdomen and natal cleft Clubbing of the fingers 
was present There were moist sounds over both lungs No other abnormal 
signs were present In August 1936 he was readmitted with a sore throat and 
enlarged cervical lympknodes He was blue and dyspnoeio There was no 
radiological evidence of pneumothorax He was re-admitted in November 1936 
with dyspnoea Examination showed that the hver and spleen were palpable, 
and there was a soft mass behind the left stemomastoid The patient discharged 
himself from hospital after three weeks No other information is available, 
except that he died in 1937 

On each admission radiographs of the lung fields showed a coarse reticulation 
and mottling throughout (Plate 1, Fig 2) No spontaneous pneumothorax was 
seen The skull was normal A blood count showed red cells 8,200,000, and 
white cells 11,800 per c mm The sputum amounted to 30-120 c c daily, and 
examinations were negative for tubercle bacilli 

The details of these cases are summarized m Table IV, and compared with 
others from the literature The only case which came to autopsy was that of 
Oeclish and Miles (1934) and here the lungs showed a diffuse honeycomb 
structure, and the interstitial tissue consisted mainly of connective tissue and 
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improvement On March 8, 1945, she suddenly developed a tension pneumo- 
thorax on the left, which was relieved by aspiration Her progress was satis- 
factory until March 22, 1945, when she suddenly collapsed, became blue, and 
died Per mis sion for a post-mortem examination was not obtamed Before 
death, X-rays showed a thin-walled honeycomb appearance throughout both 
lungs The cardiac outline suggested cor pulmonale 

Case. 8, a boy aged 12 years, was admitted in May 1941 He had had a cough 
during the first few weeks of life which had been regarded as whooping-cough, 
and had had bronchopneumonia at the age of 15 months In 1940 he had had an 
attack of dyspnoea lasting two weeks In April 1941 he had had a febnle illness 
with a dry cough from which he recovered, and this was followed by progressive 
dyspnoea for which he was admitted At this time there was no cough. He 
stated that he had been passing excessive amounts of unne during the three 
months prior to admission On examin ation he was found to have a spontaneous 
pneumothorax on the right side The pleural pressures were —4, +14 cm of 
water Continuous suction was apphed to the right pleural space On the follow- 
ing day he developed a spontaneous pneumothorax on the left side (pressures 
—9, +4 cm of water) and this was also treated by continuous suction During 
the next two months he had repeated attacks of spontaneous pneumothorax 
affecting both lungs, which necessitated almost continuous intrapleural suction 
On July 19, 1941, two minims of 10 per cent silver nitrate solution were 
introduced into the left pleural space whilst suction w r as maintained on the 
nght, and on July 31, 1941, three minims of 10 per cent silver nitrate solution 
were mooted into the right pleural space As expansion was incomplete a 
further two minims of sdver nitrate solution were introduced into the left 
pleural space on August 24, 1941 In September 1941 a left-sided empyema was 
treated by intercostal drainage After a prolonged illness both lungs eventually 
re-expanded and he was discharged from hospital m April 1942 A radiograph 
at that time showed no appreciable abnormality m the lungs The sputum was 
negative for tubercle bacilli A Mantoux reaction was not done During the 
first two weeks of his stay m hospital the urinary output varied from four to 
six litres daily with an average of 4 9 litres The unne had a specific gravity 
of 1 001 and contained no abnormal constituents Treatment with pituitnn 
improved the polyuria (full details not available) After discharge he remained 
well for about a year, but was re-admitted in April 1943 with an acute febnle 
illness He was found to have tuberculous pneumonia of the nght lung, from 
which he died in May 1943 

Post-mortem examination showed diffuse cystic changes throughout both 
lungs, the cysts being separated by fibrous strands containing blood-vessels 
In addition there was caseous tuberculosis of the nght lower lobe The abdominal 
organs were normal The brain was not examined Microscopy showed that 
the cysts were fined by flattened epithelium, the septa were infiltrated with 
round cells 

Case 9, a male medical student aged 20 years, was admitted and died on 
March 21, 1944 He had had three attacks of spontaneous pneumothorax in 
1934, and since that time had had recurrences at yearly intervals On the day 
of admission to hospital he suddenly developed severe pam m the nght side 
of tho mouth v, Inch spread downwards to the sternum, becoming progressively 
more severe On examination he was profoundly shocked, sweating, and rest- 
u j Til0 puise was 8tron S er than the right, and a to-and-fro murmur was 
heard over tho precordium He died seven hours after admission 

Post mortem, there was a dissecting aneurysm of the aorta originating from 
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muscle fibres Histologically tbo pituitary was said to ‘resemble parathyroid 
tissue but no details are given All but one of the cases had diabetes insipidus 
and that of Occlish and Miles (1034) had Frbhhch’s syndrome in addition The 
radiological changes were identical in each case and all suffered from spon- 
taneous pnoumothorax The nature of the pathological changes responsible for 

, Table IV 

Honeycomb Lungs Associated with Pituitary Disorders 
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this combination is not established Berg and Zaclinsson (1941) and Acbermann 
(1944) suggested that such cases may well be examples of tuberous solerosis in 
which the oliangcs aro confined to the lungs and the pituitary gland , in support 
of this contention, Ackermann (1044) stated that his case showed bony erosions 
of tho spine, pelvis, and femur consistent with such a diagnosis In the absence of 
furthor proof it must bo assumed that tho lungs and pituitary gland are some- 
times affected by a similar process, and the possibility of tuberous sclerosis and 
of xanthomatosis should bo borne in mind 


Honeycomb Lungs of Uncertain Aetiology 
Tho following cases, arranged according to the age of onset of symptoms, 
showed httlo or no evidence of disease outside the lungs and the patients 
suffered either from spontaneous pneumothorax or right heart failure at the 
time of diagnosis 

Case 7, a girl aged seven years, was admitted to hospital m February 1945 
There was no past lustory of chest disease and the family history was negative 
For 10 days before admission she had suffered from increasing dyspnoea and 
oyanosis On admission she was deep blue and had a respiration rate of 84 per 
min ute There were signs of a nght spontaneous pneumothorax with gross 
mediastinal displacement A radiograph of the chest showed the nght lung to 
be about 60 per cent collapsed and there was a shallow apical pneumothorax 
on the left The nght pneumothorax was treated by under-water drainage, with 
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were present Sputum examination was negative for tuberole bacilli Radio- 
graphs of the chest confirmed the right-sided pneumothorax and showed diffuse 
coarse reticulation throughout both lungs Three days after a dmis sion he 
developed a left spontaneous pneumothorax Intrapleural pressures were 
right 0, +6, and left —10, -f-4 cm of water The right side was treated with 
continuous suction for a week, at the end of which time 1 c c of gomenol in 
ohve oil was introduced An effusion and obliterative pleurisy developed Two 
weeks later a left valvular pneumothorax developed and this was also treated 
with continuous suction followed by gomenol in ohve oil The pleural reaction 
was not satisfactory and the left-sided pneumothorax persisted A tomogram 
(Plate 2, Fig 5) showed the cysts on the left side The patient discharged 
himself from hospital in July 1940 and returned to India He has not been 
traced since 

Case 12, a male compositor aged 24 years, was admitted in July 1947 He 
had been perfectly well until seven months before admission, since when he had 
suffered from increasing breathlessness and tightness m the chest On examina- 
tion he had a left-sided pneumothorax A week later he suddenly developed 
cyanosis and intense dyspnoea He had signs of bilateral pneumothorax for 
which 1,400 co of air were removed from each pleural space, with relief On 
the following day he became more dyspnoeic due to farther collapse of the right 
lung, and was treated with continuous oxygen During the following 10 weeks 
he had recurrent attacks of spontaneous pneumothorax on both sides He 
was treated with continuous intrapleural suction, and both lungs eventually 
remained expanded He was discharged m November 1947 with a small 
residual apical pneumothorax on the left There has been no further pneumo- 
thorax since discharge, but he now has some dyspnoea on exertion which was not 
present before Ins illness 

Radiographs showed a reticular pattern throughout both lungs, appearing 
to surround air-spaces of 1 to 2 cm in diameter (Plate 2, Fig 6), and being 
much more obvious when the lungs were collapsed than when they were ex- 
panded Bronchography showed a normal bronohial tree, and there was no 
filling of the cyst spaces Sputum examination was negative for tuberole 
bacilli A blood count showed haemoglobin 126 per cent , red cells 6,400,000 per 
o mm , and white cells 7,200 per c mm An electrocardiogram was normal A 
siBter of this patient was subsequently admitted to hospital with a spontaneous 
pneumothorax , no radiological evidence of honeycomb lungs was found 

Case 13, a housewife aged 26 years, was admitted in Slay and December 
1947 During childhood she had suffered from whooping-cough and cervical 
• adenitis, and in 1941 had hod meningitis which was treated with sulphonamides 
In June 1946 she began to suffer from increasing dyspnoea on effort, and m May 
1947, towards the end of her Beeond pregnancy, was admitted to hospital with 
urgent dyspnoea and oedema of the legs On examination she was orthopnoeio 
and blue There was venous engorgement in the neck and oedema of the legs 
The fingers were long and tlnn There was no clubbing The lungs were hyper- 
resonant to percussion and air entry was everywhere diminished The pulse 
rate was 130 and a diastoho triple rhythm was heard She was delivered of a 
normal child, after which there was steady improvement and she discharged 
herself from hospital m June 1947, at whioh time she still had moderate dyspnoea 
on exertion She remained fairly well, but had a haemoptysis of several ounces 
m October 1947 In December 1947 she was re-admitted with severe dyspnoea 
and montal confusion J ugular vonous pressure was raised and there was oedema 
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a transverse tear one moll above the aortic ring The aorta showed medio- 
necrosis ldiopnthica oystica TJio dissecting anourysm had ruptured into the 
pericardium Both lungs show ed diffuse cystic ohangcs, wluoh wore regarded as 
being congenital in origin Tlioro were scars on the visceral pleura No histo- 
logical data are available 

Case 10, a mnlo clerk, v as first seen m November 1945 at the ago of 18 years, 
with dyspnooa and pam m tho ohcst, of suddon onset Ho gavo no history of 
chest disonso and had played football until tho onset of his symptoms TTia 
family luster}' a as irrelevant On examination ho was found to have a pneumo- 
thorax on tho loft side, radiographs shoving a honeycomb appearance through- 
out both lungs, much more obvious on tho side of tho pneumothorax Ho rested 
at homo and tho lung re-expanded m a month In January 1040 he was admitted 
to hospital with a recurrence of pain and dyspnoea, radiographs showing a left- 
sided pnoumothorax Tho loft lung expanded apart from a Bhallow apical 
pneumothorax, and ho was discharged from hospital m February 1940 He was 
re-admitted threo weeks later with a recurrence of symptoms Radiographs 
showed an 80 por cont pneumothorax on tho nght side and a shallow pneumo- 
thorax on tho loft Tho right lung m its collapsod state showed a honeycomb 
structure similar to that prcviousl}' seen on tho left sido on the first film (Plate 
1, Figs 3 and 4) Air uas removed from tho nght pleural space on several 
occasions, but tho lung remained collapsed In March 1940 0 5 c o of 10 per 
cont silver nitrate solution was introduced into tho right pleural space and air 
withdrawn A satisfactory plournl reaction developed and the nght lung 
remained oxpandod Ho was discharged m Apnl 1940 He remained in good 
health until August 1940 whon ho developed extreme dyspnoea and was re- 
admitted, with a respiration rate of 48 per minute Radiographs showed a 
partial pnoumothorax on tho loft side and a small pneumothorax at the nght 
baso Ho v ns treated with oxygen and tho dyspnoea improved Further films, 
however, showed little change in either side during the next month Left-sided 
plourodcsis v as performed in Octobor 1940 and nght-sided pleurodesis in Novem- 
ber 1940, with 0 5 o o of 10 per cont silver nitrate solution on each occasion 
Both lungs remained expanded, and ho was discharged from hospital in Decem- 
ber 1940 He has been observed os an out-patient since that tame and has 
remained m good health There has been no further spontaneous pneumo- 
thorax, but Binco Docembor 1947 ho has noticed slight dyspnoea on exertion 

The Wasserraann reaction was negative The blood-cholesterol was 230 mg 
por 100 c c , and blood-urea 23 mg per 100 o o Liver biopsy showed normal liver 
histology The skull and long bones wore radiologically normal Bronohograms 
showed a normal bronchial tree , tho oil did not enter any of the cysts Tomo- 
grams showed a fine reticular pattern throughout both lung fields with a 
honeycomb appearance most easily seen in the periphery An electrocardiogram 
m March 1948 show cd right axis deviation, but was otherwise normal 

Case 11, a male Indian medical praotitioner aged 24 years, was admitted in 
April 1040 There was no family history of chest disease Tho patient had 
suffered from malaria, and had had attaoks of asthma during the two years 
before admission In August 1039, after lifting a heavy weight, he had had an 
attack of pam m the nght side of the chest which lasted a few days During the 
next six months there had been five similar attaoks, usually after exertion 
Four days before admission be had had a similar but more severe attaok 
accompanied by dyspnoea On examination there were signs of a pneumothorax 
on the nght aide, and a moderate number of rales, mainly on the left there 
was clubbmg of the fingers Tho spleen was palpable No other abnormal signs 
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was enlarged and there was oedema of the legs He died within, a few hoars 
of admission. 

On post-mortem examination, the lungs filled the thoracic cavity and did not 
collapse Both-lungs showed a typical honeycomb appearance (Plate 3, Fig 9), 
the cysts be ing separated by collapsed pulmonary tissue in which there was 
apparently no fibrosis The bronchi were normal The pulmonary arterial 
branohes were pro min ent and atheromatous There was hypertrophy of the 
right ventricle The liver was enlarged and showed chrome venous congestion 
All the other organs were normal 

Case 16, a male labourer aged 57 years, was admitted to hospital in November 
1947 There was no past history or family history of chest disease He com- 
plained of shortness of breath winch had been increasing over the previous two 
years He had a morning cough and produced a little frothy clear sputum. On 
examination there was clubbing of the fingers He was blue and dyBpnoeic 
There were coarse rales over the chest, but no other abnormal signs 
A blood count showed haemoglobm 90 per cent and white cells 9,400 per 
c mm. The Wassermann reaction was negative The erythrocyte sedimentation 
rate was 4 mm in one hour (Westergren) Radiographs of the chest showed 
coarse reticulation throughout both lungs Sputum examination was negative 
for tubercle bacilli 

He was discharged m December 1947 A few days later he died suddenly m 
the street Post-mortem examination showed gross pulmonary fibrosis with 
diffuse cystic disease The cystic an spaces were rather larger m the peripheral 
portions of the lungs The whole lung was firm and rubbery Microscopy showed 
that some an spaces had a thin epithelial lining which was columnar or flat, 
and others had none There was an increase m fibrous tissue throughout and 
the interstitial tissue was intensely vascular and contained inflammatory cells 

The significant details of these cases are summarized in Table V Eight cases 
occurred in male and two m female subjects Spontaneous pneumothorax was 
seen predominantly m the younger age-group (range seven to 24 years, average 
16-6 years) and nght heart failure in the older patients (range 25 to 55 years, 
average 39 8 years) None of the patients dying from nght heart failure gave 
a previous hiBtory of spontaneous pneumothorax This observation, which 
contrasts with the frequent concurrence of these two symptoms in the patients 
with honeycomb lungs associated with other diseases, suggests a difference in the 
nature of the cystic disease m the two age-groups 

The pathological changes in the three cases which came to autopsy showed 
a striking similarity The normal lung structure was largely replaced by air- 
contaimng cystio spaces varying in size from those just visible to the naked eye 
to others about 1 cm m diameter The cyBt walls contained no cartilage, the 
cysts being separated by thick fibrous septa amongst which were irregular areas 
of relatively normal aerated lung The thick septa consisted of dense collagen 
and contained blood-vessels There was a variable amount of polymorphonuclear 
infiltration throughout the interstitial tissue Some of the cyst spaces were 
lined with fiat epithelium, and others had no epithelial lining In the sections 
so far oxanuned, convincing evidence of bronchiolar obstruction has not been 
found Further histological studies are m progress It seems evident from the 
nature of tho cyst w alls that haemo-respiratory exchange m the cysts is minimal 
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of tie dependent parts SJio was nursed in an oxygen tent and treated with 
penicillin Her condition deteriorated and she died 10 days later 

Bachographs of the chest shoved enlargement of the pulmonary conus, a 
honoycomb appearance was present in the right middle and lower zones ’ A 
blood count showed haemoglobin 78 per cent and red cells 4,000,000 per c nun 
An electrocardiogram showed right axis deviation, and the P wave in Lead H 
was lugh and spiked The vital capacity in May 1 947 was 2 litres The artenal 
oxygon saturation, whilst tho patient was in an oxygon tent, was 72 per cent 

Post-mortem examination showed diffuse cystic ohanges throughout both 
lungs In tho heart there was a widely patent foramen ovalo, and the nght 
ventriolo was hypertrophied There was omboho occlusion of tho left postonor 
corobral artery All organs showed venous congestion The body was long, tho 
arms and legs tlnn, and tho fingers and tho toes were long, thin, and tapering 
Microscopy show ed that some of tho cysts were lined with a flattened epithelium 
and that others had no epithelium Thoro was an increase in fibrous connective 
tissue and interstitial inflammation Inflammatory changes wore present m the 
bronolu and alveoli 

Case 14, a male instrument-maker aged 27 years, was admitted m November 
1944 Ono sister had died from pulmonary tuberculosis He had been subject 
to bronchitis in tho winter until tho ago of 10 years In January 1943 he had 
begun to suffer from breathlessness and cough His breathlessness had been 
progressive until admission He produced less than an ounce of sputum daily 
On examination ho was dyspnoeic and blue There was no clubbing of the 
fingers Tho heart and hlood-prcssuro wore normal Many rales and rhonchi 
wore present over tho lungs The liver was not palpable and there was no 
oedema of tho limbs A month later he suddenly became bluer, coughed up a 
little blood-stained frothy sputum, and died from acute right-sided heart 
failure within an hour 

Boforo doath, on radiography, tho heart showed a large pulmonary conus, and 
tho lungs a diffuso honeycomb structure throughout The Mantoux reaction 
was positive to 1/10,000 dilution Sputum examination was negative for 
tuborclo bacilli * 

On post-mortem examination, the lungs were firm and elastio, having a 
rubbery consistency m the lowor lobes On the upper lobes there were numerous 
surfaco bullae Section of tho lungs showed air-containing cyst spaces through- 
out their substance (Plato 3, Fig 10) The hilar lymplmodes were enlarged 
The heart showed considerable dilatation of the nght side The abdominal 
organs showed chrome venous congestion, but no other abnormality The brain 
was not examined On microscopy, the cyst spaces were mostly devoid of 
epithelial lining, but occasional areas of flat epithelium remained The septa 
varied m thickness and there was an increase in fibrous tissue The stroma was 
intensely vascular, there was moderate infiltration with inflammatory cells, and 
some anthracotio pigment was present The few remaining alveoli contained a 
serous or inflammatory exudate 

Case 15, a male salesman aged 54 years, was admitted and died on November 
14, 1944 The family history was negative There had been no pulmonary 
symptoms until 18 montlis before death, when he began to suffer from breath- 
lessness and cough which became progressively worse A radiograph taken at 
the end of 1943 showed honeycomb lungs (Plate 2, Fig 7) Two days before 
admission lie became extremely dyspnoeio and exhausted On examination he 
was blue and had laboured breathing There was no clubbing of the lingers 
There were moist sounds over both lungs The pulse-rate was 140 lne liver 
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varying from fine (Plate 1, Fig 1) to coarse (Plate 1, Fig 2) The cyst apaces 
are consistently much more obvious m a lung partially collapsed by spontaneous 
pneumothorax than in the same lung completely re-expanded (Plate 1, Figs 
3 and 4) Tomograms were done in only four cases and clearly demonstrated the 
honeycomb appearance in each Bronchograms, also performed m four cases, 
showed no bronchial abnormality , m no case did the cyst spaces fill with opaque 
oil, even after coughing Occasionally the opaque oil appeared to outline the 
walls of the cysts, as a result of distortion of the smaller bronchi around the 
cysts Interpretation of these findings may be far from easy, as many diseases 
give rise to reticulation in the lungs Similar, but not identical, appearances 
may be caused by pneumoconiosis, sarcoidosis, lymphangitis, carcinomatosis, 
chrome miliary tuberculosis, and other conditions producing scattered pul- 
monary disease (Berg and Zachnsson, 1941 , Fletcher, 1948) Radiological 
diagnosis depends on the identification of the cysts throughout both lungs, 
reticulation, and a normal bronchial tree The cysts are often best demonstrable 
behind the sternum in a lateral film, or m a tomogram 
Pathogenesis The causation of these widespread alveolar cysts is unknown 
In general, it may be assumed either that they arise as a developmental 
abnormality or that they are secondary to mechanical factors resulting from 
acquired disease When the nature of the underlying pulmonary disorder is 
known, the cysts may be produced by impeded expiration due to bronchial 
obstruction (Laennec, 1819 , Koontz, 1925) or by stress in the more normal parts 
of the lungs after widespread alveolar destruction elsewhere These mechanisms 
probably apply to the honeycomb structure of the lungs m the cases of xantho- 
matosis and tuberous sclerosis and allied disorders, and resemble those respon- 
sible for the focal emphysema of pneumoconiosis (Williams, 1944 , Heppleston, 
1947) 

The cause of the honeycomb lungs in the patients m whom the nature of the 
pulmonary disease is unknown is less easy to determine No case m the present 
senes showed convincing evidence of developmental defects outside the lungs, 
such as were seen in a case reported by Rubm (1947) He found, at autopsy on 
a girl of 12 years, multiple simple cysts throughout both lungs associated with 
patent duotuB artenosus, congenital aneurysms of the pulmonary arteries, and 
anomalous coronary artenes To conclude that such pulmonary cysts were 
developmental seems inescapable Our Case 7 had no history of pulmonary 
disease until a few weeks before her death at the age of seven years, from 
bilateral spontaneous pneumothorax, by which time she had well-marked 
^ honeycomb lungs In the absence of post-mortem material it is impossible to 
exclude a developmental cause In Case 12 the oysts appear radiologically to 
be rather larger than usual and to have particularly thin walls, features which 
were also seen m Rubin’s case and suggest a developmental origin However, it 
Beems probable that, in the majority of these cases, the mechanism of cyst 
formation is similar to that already discussed in the group of cases m which the 
nature of the underlying disease is known , that is, a mechanical factor operating 
on a diseased lung All the lungs examined histologically have shown extensive 

IQ.J.H IScwBcrirtKo On] O 



16 


N OSWALD AND T. PARKINSON 

or absent) and that hfo is maintained by virtue of the remaining normal alveoh 
Similar ohanges have been described by Korley, Shore, and Young (1927), 
Weiss (1930), Nolte (1937), Colo and Nalls (1938), Bruce (1939), and Calma 
(1941) Histological data are not available m any of the coses in the younger 
age-group 

Table V 
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In two cases thoro was a co-existing developmental abnormality, in another 
the sister of the patient had had a spontaneous pneumothorax without other 
radiological evidence of pulmonary abnormohty One patient had transient 
polyuria whioh suggests that there had been a bypothalanuo or pituitary 
disturbance m addition 


Discussion 

Clinical features Irrespective of the aetiology of honeycomb lungs, the 
respiratory symptoms are the same Tables I to V show that eight patients in 
the present senes suffered from spontaneous pneumothorax and that in five it 
was bilateral The remaining eight had dyspnoea which, m those cases followed 
for long enough penods, was progressive , m four death took place from pro- 
gressive cor pulmonale wit hin two years of the onset of respiratory symptoms 
Similarly, m the case histones extracted from other papers, spontaneous 
pneumothorax and progressive dyspnoea have predominated, and have fre- 
quently occurred together in the same patient 
Radiological appearances In spite of the diverse conditions responsible for 
honeycomb lungs in the present senes of cases, the radiological appearances are 
remarkably constant Throughout both lung fields a reticular pattern is seen. 
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pulmonary interstitial fibrosis, but thero is no evidonco ns to the cause of these 
ohangos In no case was there a lustory of exposure to chemical poisons, silica 
partiolos, or other noxious irritants, nor was there any reason to suspeot 
neoplastic infiltration of the lung It ib possible that some cases were examples 
of a healed general disorder such as is described in the first part of the present 
papor, the history of polyuria in ono patient suggesting that he might have 
suffered from xanthomatosis 

An inflammatory origin remains to be considered There scorns little doubt 
that acuto infections, oithor after influenza, measles, or whooping-cough, or 
oven m tho absence of an obvious precursor, may effect predominantly the 
smaller radicles of the bronchial treo (Lange, 1901, Fraonkel, 1902, Rlumgart 
and hlaoMalion, 1929), tho so-called bronchiolitis fibrosa obliterans, which may 
occur at any age Also, gross acute emphysema may develop rapidly as a result 
of infection, at least m infancy (Tooth, 1897) Dotailed pathological studies on 
tho present material have not yet been made, but will appear m a later paper 
It is evident, however, that varying degrees of inflammation are the mam 
feature, strongly suggesting an inflammatory origin in the majority Should 
such infootion lead to obstruction or distortion of the smaller bronchi or 
bronchioles, tho oysts may result from impeded expiration 

Conclusions 

Tho object in presenting these cases is to emphasize that honeycomb lungs 
ooour m a variotj' of diseases in which there is diffuse interstitial pulmonary 
infiltration This infiltration may bo produced by prohferation of smooth 
muscle w tho pationts with tuberous sclerosis and allied disorders, by hpoid 
coll granulomata in tho xanthomatoses, and by inflammatory cells, as in the 
two oases associated with bihniy cirrhosis There are other cases in which the 
nature of tho underlying pulmonary lesion is less evident Occasionally a 
developmental cause seems most likely, but more often interstitial inflamma- 
tion appoars to be the predominant factor. 

Summary 

1. Sixteen cases of honeycomb lungs are described. In six the lesions were 
associated with a general medical disorder, namely, xanthomatosis, biliary 
cirrhosis, tuberous sclerosis, or pituitary disease, these are compared with 
similar cases from the literature In the remaining 10 cases the honeycomb 
structure occurred as an isolated manifestation of uncertain aetiology, an 
inflammatory cause being the most likely in the majority 

2 The frequent occurrence of spontaneous pneumothorax and right heart 
failure is emphasized 

Our thanks are due particularly to Professor Geoffrey Hadfield for his 
assistance and criticism and also to Professors R V Christie and Dorothy 
Russell, Drs Morley Flotchor, Geoffrey Marshall, A L Punch, J L Livingstone, 
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BRONCHOSCOPIC STUDIES IN PRIMARY TUBERCULOSIS 

IN CHILDHOOD 1 

By JAMES H HUTCHISON 

(Erom the Department of Child Health, University of Glasgow, and the Royal 
Hospital for Sick Children, Glasgow) 

With Plates 6 and 6 

In 1920 Eliasberg and Nenland described extensive radiographic shadows m 
the lungs of children passing through the primary tnberoulous infection, without 
the grave symptoms usually associated with tuberculous pneumonia As the 
children recovered the shadows disappeared without leaving evidence of perma- 
nent lung disease To this condition they gave the name epituberoulosis (Ehas- 
berg and Nenland, 1920, 1921) There has been widespread disagreement as to 
its pathogenesis As complete disappearance of the lesion is one of the cardinal 
features of epituberculosis, material is not often available for pathological 
study, and in fact the view might be held that many of those cases m which 
histological examination has been reported were not undoubted cases of epi- 
tuberculosis, because at the patient’s death the lung lesion was stall present 
The literature suggests that epituberoulosis may be due to three possible 
cauBCB — a non-tuberoulous pneumonia, a true tuberculous process, or absorption 
collapse produced by bronchial obstruction due to enlarged tuberculous hilar 
lymphnodes 

N on-tuberculous 'pneumonia This was the view advanced by Eliasberg and 
Nenland m their original description of epituberculous infiltrations It has been 
suggested that interference with lymph flow due to tuberculosis m the regional 
lymphnodes may favour delay in resolution of a simple non-specific pneumonia 
occurring m a tuberoulous subject This view is not now regarded as tenable 
There is little histological evidence in its favour (Rioh, 1944) 

A true tuberculous process The view that epituberoulosis may be a true 
tuberculous process affecting the lung parenchyma is plausible and on the 
face of it would seem likely to be correct In fact, several different types of 
tuberculous tissue reaction have been described Pagel m Kayne, Pagel, and 
O’Shaughnessy (1939) stated that it may take the form of ‘a “perifocal” infiltra- 
tion, when a small bacillary focus is surrounded by a large area of toxic oedema 
or gelatinous infiltration, attributable to a hypersensitive response of the tissue 
towards soluble toxins or a few living or dead bacilli diffusing from the focal 
centre into the peripheral lung tissue This is often the anatomical basis of a 
largo shadow of infiltration in a skiagram, but it cannot be determined how 

1 Received August 21, 1948 
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m the words of Macgregor and Alexander (1937), who m their extensive expen- 
ence had encountered occasional cases of ‘undoubted tuberculosis in whioh 
there was extensive consolidation in one or both lungs without caseation, 
cavitation, or fibrosis, but m whioh the microscopic characters of the affected 
parts differed from those described as characteristic of “gelatinous infiltration 
‘Microscopic examination showed alveoli completely filled with large mono- 
nuclear cells, without fibrm formation or any appreciable amount of serous 
fluid The cells were either desquamated alveolar epithelium, or more probably 
histiocytes or both It was sometimes impossible to demonstrate either tubercle 
baoflh or other organisms m sections prepared from lungs affected in this way , 
if present, tubercle bacilli were never numerous The process is possibly the 
result of a “tuberculo-toxic” or allergic reaction There is nothing in its histo- 
logical character to render resolution impossible or even improbable It does 
not seem to possess the tendency to rapid caseation manifested by sero-fibnnous 
exudates of the more usual forms of pneumonic tuberculosis That it may have 
some tendency to organization is indicated by the occasional finding of intra- 
alveolar tubercles, sometimes with giant cells, which may have progressed to 
the stage of fibroblastic proliferation ’ These workers concluded that ‘it seems 
possible, therefore, that at least in some cases this peculiar type of non-caseatmg 
and non-fibrosing tuberculous reaction may be the histological basis of 
“ epituberculous infiltrations” ’ The histological appearances from the patient 
described by Cameron and De Navasquez (1936) were identical with those 
described above, and the writers suggested that the enlarged caseous tracheo- 
bronchial lymphnode which had ulcerated into the stem bronchus of the left 
upper lobe had discharged into its lumen tubercle bacilli of varying virulence 
and vitality which produced a peculiar pneumonia with a predominantly endo- 
thehoid reaction Lesions which are histologically si mil ar to those described 
above and are capable of complete resolution have been produced in sensitized 
rabbits by the intratraoheal injection of dead, avirulent, or even small doses of 
virulent tuberclo bacilli (Philibert and Cordey, 1926 , Willis, 1934 , Burke, 1936 , 
Opponheunor, 1936) By the use of a strain of tubercle bacillus of low patho- 
genicity to the guinea-pig, Baldwin and Gardner (1921) were able to produce 
allergic lesions in the guinea-pig's lung manifested by a localized inflammation 
accompanied by atypical and abortive tubercle formation It is dear from 
these animal experiments that a non-caseatmg tuberculous pneumonia can 
produce transient radiographic shadows m animals’ lungs and that this tuber- 
culous pneumonia is capable of complete resolution Whether a similar histo- 
logical appearance and course is likely to be of common occurrence in naturally 
occurring human tuberculosis is uncertain 
A third typo of tuberculous tissue reaction without caseation has been 
described by Pagel (Kayne, Pagel, and O’Shaughnessy, 1939) m which the 
typical feature is the presence of innumerable tuberculoid granulomata with 
Langhan’s giant cells but without tubercle bacilli and caseation Pagel (1932) 
described these appearances in a boy aged one and a half years with epitubercu- 
lous infiltration m the left upper lobe who had died from causes other than 
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often tho bacillary contro lioals and how often the infiltration area becomes 
involved m tho progressive central foous ’ Tins concept is supported by cases 
such as that reported by Lunger (1022) m vhicli, after tho administration of 
0 1 mg of tuborcuhn, an ‘infiltration’ demonstrable by radiography as a dense 
shadow appeared ovor a wholo lobe, accomparuod by a systemic reaction, the 
shadow disappeared after 14 days Gorstonborgor and Burhnns (1027) doscnbed 
the condition ns a ‘massivo allergic exudate’, and suggested that these exudates 
are part of a ‘genoral immunologic attack of tho body against the tubercle 
bacillus rather than tho result of local irritation of tho tissue by tho tubercle 
bacillus’ StolofI (1028), describing a ohild with atelectasis of tho whole loft 
lung duo to bronclual compression by enlarged tuberculous lymphnodes, none 
tho less regarded less extensive lung parenohyma shadows as indicative of 
‘perifocal inflammation' duo to ‘serous lymphocytic- oxudation’ Tho same 
viow has boon expressed by Fncdonberg (102G) A similar pathogenesis of epi- 
tuboroulosis has recently been postulated by Dufourt and Mounier-Kuhn 
(1046 a, b) bnsed on bronchoscopic examinations Thoy suggested the following 
sequence of events after primary infection Firstly, there dovolops an ‘epithelial 
pneumonia’ m tho lobe containing tho primary focus At tho samo time, the 
bronchial wall dovolops intonso oedema nffoctmg tho mucosa and submucosa 
and accompanied by dmpcdcsis of macrophages into tho sub-epithelial layer 
Tho result is incomplete bronclual obstruction combined with tho outpouring 
of fluid into tho lung parenchyma Tius oedoma is interpreted as a manifestation 
of local liyporsonsitivity provoked by tuberculin secreted by the primary focus 
Dufourt and Moumor-Kuhn (1940 a, b) admit that tracheo-bronchial lymph- 
node onlargomont capable of compressing tho bronchi docs occur in primary 
tuberculosis, but thoy appear to regard tlus ns of little or no importance in most 
cases of opituborculosis, and, in fact, thoy stress that the findrng of bronchial 
stenosis in opituborculosis does not justify tho assumption of cause and effect 
Rich (1944) comments ns follows on tho suggestion that epituberculosis is a 
penfocal pneumonia ‘This view has no basis m observation to recommend it, 
and all available information speaks against it ’ Ho musters some convincing 
evidonco against it 

A second viow is that all cases are not purely allergic or ‘tuberoulo-toxio’, as 
is suggested by cases such as those reported by Spence (1032) and Parsons 
(1934) in which tubercle bacilli were found in material obtained by lung punc- 
ture Eithor these workers accidentally needled the primary lung foous itself 
on more than one occasion, or their patients were suffering from a true tuber- 
culous infil tration of lung parenchyma which ultimately resolved completely 
A Bomewhat simi lar case was described by Gbrter and Lignac (1931) in which 
partial resolution took place before the child died of tuberculous meningitis 
Histological evidence that the radiographic appearances of human epituber- 
oulosis may on occasion be caused by parenchymatous tuberculosis unassociated 
with caseation has been put forward by several workers (Rubinstein, 1928, 
Reichle, 1933 , Cameron and De Navasquez, 1936 , Macgregor and Alexander, 
1937) The histological pioture described by these workers can be portrayed 
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was plugging of a bronchial tube with caseous debns from the before-mentioned 
tubercular abscess' Peterson (1885) described a similar case m a girl aged six 
years who recovered with endotracheal intubation and suction Scobie (1934) 
m a review of the literature reported a total of 94 cases of acute asphyxia with 
20 recoveries, and added one of his own, which wsb apparently the first case of 
this type to be reported m American literature 

The view that the radiographic shadow in epituberoulosis may be due to 
pulmonary collapse consequent upon bronchial occlusion due to the compressive 
effects of enlarged tuberculous hilar lymphnodes was put forward by Wallgren 
(1926) and de Bruin (1936) Prosoroff (1929) noted a striking resemblance 
between the shadows m epituberculosis and those due to atelectasis m adults 
suffering from mtrathoracic tumours In 1933 Morlock and Pinchin, m a case 
which had been regarded as epituberculosis, described brondual occlusion 
which had been directly observed bronohoscopically In their case, one of left 
upper lobe collapse, tuberculous granulation tissue covered with intact mucous 
membrane was found bulging into the bronchial lumen After removal of thiB 
granulation tissue the radiographio shadow disappeared completely but tempo- 
rarily Brook, Cann, and Dickinson (1937) described an infant with complete 
left lung collapse in whom it was shown at autopsy that an inferior traoheo- 
bronohial Iymphnodo had ulcerated into and completely obstructed the left 
mam bronchus, and also a six-year-old child with collapse of the nght lower 
lobe m whom bronchoscopy revealed granulation tissue withm the lumen of 
the nght mam bronchus, from which tubercle baoilb were isolated Maopberson 
(1939) accepted the view that the radiographic appearances of epituberculosis 
were really indicative of absorption collapse, suggesting that bronchial occlusion 
results from one or more of three possible effects of tuberoulous lnlar lymph- 
nodes — they may reduce the bronchial lumen by traction which alters the 
angle of the canna, they may exert direct pressure on the bronohial wall, or 
they may erode through the bronchial wall to fill the lumen with granulation 
tissue In 1942 two Amencan papers provided strong evidence in support of 
this interpretation Kent (1942) described 10 cases, in seven of wbioh bronchi- 
ectasis developed consequent upon atelectasis, in two cases bronchoscopy 
revealed that bronchial obstruction was due to the extnnsio pressure of enlarged 
lymphnodes, and m one, tubercle bacilli were isolated from the bronchus distal 
to the site of obstruction Jones, Rafferty, and Willis (1942) broneboseoped 
42 patients suffering from epituberculosis, and m 31 bronohial occlusion was 
clearly seen This was due to one or more of the following causes — bronchial 
narrowing from extnnsio pressure, mucosal oedema, erosion of a lymphnode 
through the bronchial wall with a resultant ‘tuberouloma’ withm the lumen, 
and tuberculous ulceration of the bronchial mucosa, the base of the ulcer being 
an eroding tuberculous lymphnode In 1946 Jones, Peck, and Wilks examined 
34 of these 42 cases by hpiodol bronchography and demonstrated the existence 
of undoubted bronchiectasis in 24 (70 per cent ) The most frequent broncho- 
pulmonary segments to show bronchiectasis were the antero-lateral (pectoral- 
axillary) m the upper lobes and the dorsal (apical) m the lower lobes In 
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tuberculosis Part of tho loft uppor lobo was ntoloctatic , and in this area were 
many little grnnulomata lying inside thickened alveolar Bopta These appeared 
to arise from opithokoid colls with hotter staining nuclei than is usual in tuber- 
culosis, and thoy also contained many typical Langhan's giant-cells These 
tuberculoid granulomata w oro confined to tho collapsed area, and Pagel regarded 
thorn as a spocifio constituent of tho lesion and not as ordinary miliary tubercles 
In Kayno, Pagol, and O’Shaughnessy’s book ho stated 'They should be attri- 
buted to an allorgio reaction of tho tissue surrounding tho primary focus to 
aspirated dead bacdh or perhaps diffusing focal toxins winch easily enter the 
tissue after eruption or extension of the focus into a bronchus Tho granulomata 
thus appear ns tho sign of a successful fixation or destruction of tho antigen and 
aro compnrnblo with those dovolopmg at tho site of a positive mtradermal 
tuborculin reaction ’ While ho admitted that ateleotasis duo to tuberculous 
lular glandular onlargomcnt docs occur, Pagol did not agree with those who 
regard transient radiographic shadows m primary tuberculosis as mostly or 
nhvayB duo to atelectasis, and in fact ho maintained that both atelectasis and 
an allergic tuborculous tissue reaction may bo present in tho same patient 
Absorption collapse In tho medical literature of the nineteenth centuiy it 
was already recognized that tuberculous Ildar lymphnodes could produce pul- 
monary collapso and rupture of tho bronchial wall. Tho ulceration of tubercu- 
lous lymplmodcs into tho bronchial treo was mentioned by Laenneo (1821) In 
1850 Gairdner described an autopsy in a case of tuborculous meningitis in whioh 
part of tho loft lower lobo was collapsed because 'enlarged glands at tho wot 
of tho left lung pressed upon some bronchi going to tho loft lower lobe ’ He also 
quotes Carswoll who ‘figured the case of a monkey in winch the left bronchus 
was much compressed or rathor obliterated by a mnss of enlarged tuberculous 
glands’, tho corresponding lung having diminished to less than a third of its 
normal bulk Geo (1877) in an article entitled ‘The Chrome Pneumonia which 
attends Discnso of the Trachoal and Bronohial Glands’ described four cases, in 
three of which a tuborculous lymphnodo had perforated an adjoining bronchus 
(and also tho oesophagus m one of tho cases), and in the fourth case tho trachea 
and right bronchus wore compressed In two cases the lung distal to the 
bronchial perforation showed tuberculous pneumonia, in the third case the 
affected lung was airless and the soat of a non-tuberculous pneumonia , the lung 
in the fourth case was collapsed and in a state of ‘iron-grey induration with 
‘much dilated’ bronchi in the lower lobe The literature of the last centuiy 
contains frequent reports of cases in whioh the sudden rupture of a tuberculous 
lymphnode into the traohea or a large bronchus had produced a fatal asphyxia 
(Puller, 18G1 , Westcott, 1881, Widerhofer and Priihwald, 1885, Loeb, 1886, 
who quoted Weil (1874) as having found 50 such cases in the literature , Parker, 
1890) An annotation in the Lancet (1885) described a coroner’s inquest on the 
death from asphyxia of a girl aged 12 years Autopsy revealed that a caseous 
mediastinal lymphnode had emptied its fluid contents into the trachea A 
further observation was ‘a wedge-shaped patch of consolidation’ at thqbaae 
of one lung in connexion with which ‘it was discovered that the initial lesion 
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children atten ding a large asthma clinic Spivek (1936) descnbed four typical 
cases Three were examined by bronchoscopy and the bronchial narrowing 
shown m two to be caused by extrinsic lymphnode pressure on the bronchial 
wall, and in one by granulation tissue within the lumen One patient had a 
sudden dyspnoeic attack presumed to be due to rupture of caseous material 
into a major bronchus Eaust (1936) followed to recovery a case of obstructive 
emphysema affecting the whole left lung Bronchoscopy showed marked kink- 
ing of the left mam bronchus by a greatly widened carrna major and on the 
floor of the nght mam bronchus was found granulation tissue from which 
tuberole bacilli were isolated Barsby (1941) descnbed three cases in which 
bronchoscopy was performed In two, narrowing of the bronohial lumen was 
effected by extrinsic pressure, and in the third by a mass of granulation tissue 
proved by biopsy to be tuberculous She pointed out the important fact that 
the earliest stage of obstructive emphysema will be missed unless the radiograph 
is taken in full expiration or the patient is screened Meneghello and Smith 
(1943), in a senes of 16 patients with bronchial narrowing due to tuberculosis, 
descnbed obstructive emphysema m seven Pray (1944) descnbed a case of 
obstructive emphysema in a four-months-old infant, proved at autopsy to be 
caused by tuberculosis of the hilar lymphnodes 
In August 1047 Gdrgdnyi-GOttehe and Kassay published the results of their 
investigations into cases of ‘epituberculous infiltration’ in Budapest between 
1940 and 1944 They decided that it was impossible from olmical and radio- 
graphic investigations alone to differentiate between ‘infiltration’ and atelec- 
tasis, and made use of the tomograph and bronchoscope for this purpose In 
22 of 29 cases they were able ‘exactly to prove the narrowing or obstruction of 
the bronchi ’ by tomography Furthermore, they noted that ‘m cases of ateleo- 
tasis the tomograms did not show narrowing of the bronchi so much as obstruc- 
tion of them’ To determine the cause of the obstruction they submitted 28 of 
then patients to bronchoscopy, with positive findings in 21 Of these 21 cases, 
atelectasis was shown on the radiographs m 12, obstructive emphysema in 
four, and m the remaining five bronchial stenosis was correctly deduced to be 
present from the sole finding on screening of a positive Holzknecht-Jakobson 
phenomenon (that is, during deep mspnation the heart and other mediastinal 
organs move toward the affected side) In 18 cases bronchoscopy revealed 
rupture of a lymphnode into a mam bronchus, and in three a bronchus was 
narrowed by an encroaching lymphnode which had not yet penetrated the wall 
In 14 cases granulation tissue or neorotic caseous material was removed through 
tho bronchoscope The authors produced photographs of amazingly large 
caseous masses removed from four of their patients, masses of such size as to 
suggest that theso Budapest children reacted to a primary infection with much 
greater intensity than is usual in this country The ultimate fate of the children 
is not stated Of 12 descnbed m detail, two died, but a somewhat optimistic 
outlook is indicated m some of the cases Thus, of one patient from whose left 
bronchus largo caseous masses were removed it is said that he ‘left the hospital 
in perfect health after a two week stay ’ 1 
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contrast to tho classical mfcctod broncluectnsis, tho lingula was rarely involved 
None of tlieso observers mentioned bronchial stenosis ns a sequel to bronchial 
involvement in lulnr tuberculosis, but that tins can ocour was shown by a case 
described by Light-wood and Wilson (1030) In their pationt, a boy who three 
years previously had been diagnosed as suffering from pnoumoma and in 
whom tho tuberculin skin tests were positive, bronchial stenosis was demon- 
strated both by lipiodol bronchography and bronchoscopy The lung was 
removed and found to bo slirunhen nnd fibrous (absorption collapse) and to 
contain numerous areas of calcification 

In 1030 ItOsslo added pathological evidence in support of tho contention 
that opituborculosis is tho conscqucnco of bronchial occlusion Ho divided 
opituberculosis into two forms according to tho mechanism which had occa- 
sioned bronchial occlusion — the ‘pure’ form where there is compression of a 
bronchus by tho enlarged lular hmphnodcs of tho primary tuberculous complex, 
nnd tho ‘obscure’ form m wlucli atelectasis is caused by obstruction of a 
bronchus by cascatmg lympknodes which havo producod a breach or rupture 
in tho bronchial w nil with tho entry of cheesy matonal into the lumen To the 
‘pure’ form ho gave a good prognosis, but m tho ‘obscure’ form ho stressed the 
danger of subsequent ‘confluent caseous pnoumoma’ Guillermo and Alberto 
(1945) published tho autopsy findings m 17 pationts who had exhibited the 
characteristic clinical and radiological features of opituberculosis. In half of 
tho cases mucous plugs were found wntlun tho bronchial lumon, m one case 
occlusion w as duo to rupture of a caseous lymphnodo into the lumen, and in 
evory caso thoro wore adhesions between caseous lymplmodes and adjacent 
bronchi m tho zono of atelcotasis 

If cpituhorculosis is m fact absorption collapse duo to complete bronchial 
occlusion, then obstructive emphysema duo to incomplete bronchial occlusion 
might uIbo bo expected to occur not infrequently The lung behind tho stenosis 
is ballooned, tho intercostal spaces are widened, tho diaphragm is pushed 
downwards, and the mediastinum may be displaced to the sound side, especially 
during expiration Such a state of affairs in association with tuberculous hilar 
adomtis docs in fact occur, and it was first described m this condition by Bird 
m 1842 He described tho case of a girl aged 10 years in whom he diagnosed 
emphysema affecting tho left lung, which was confirmed by autopsy The left 
bronchus was compressed between two tuberculous lymphnodes and he noted 
that ‘the closure of tho tube was not so complete as to prevent all air entering, 
for after death a ckinkkke opening existed ’ Bird’s view as to the pathogenesis 
of tho emphysema was wrong, but a correspondent (A G B ) to the Lancet, 
commenting on Bud’s case, suggested a mechanism so similar to that described 
by Jackson (1930) 88 years later that it is quoted here ‘Two cells, the one 
communicating with a healthy, the other with a contracted or otherwise 
impeded bronchus, becoming distended by a forcible inspiration, the next 
expiratory effort expels the air from the former, while it compresses the air in 
the latter, over-distending and rupturing its panetes ’ Peshkm and Fmeman 
(1926) discovered two cases of tuberculous obstructive emphysema among 
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g6nyi-Gbttche and Kassay, 1947) and indeed in the absence of any form of 
anaesthesia, but in the writer’s opinion this constitutes an unnecessary psycho- 
logical if not physical assault upon the child Chloroform, although ideal from 
the point of view of the bronchoscopist, was considered to be too dangerous for 
use in a routine diagnostic procedure Ether carries a slight nsk of explosion 
and is irrita ting to the eyes The author’s present anaesthetio routine for 


Type 

Ta-rt/e I 

I II 

III 


a b 

a b 

Number of oases . 

. 9 3 2 

7 6 


Table II 


Incidence of Lobes affected in the Author’s 

30 Gases 


' Right upper lobe, 5 cases 

Right middle lobe, 6 cases 
Right lower lobe, 4 cases 
Right upper and right middle lobes, 1 case 
Right middle and right lower lobes, 2 cases 
Whole right lung, 2 cases 
Left upper lobe, 0 cases 
Left lower lobe, 2 cases 
Left upper and left lower lobes, 2 cases 
Whole left lung, 1 case 

bronchoscopy m all types of case is light anaesthesia with a nitrous oxido-tnlene 
mixture, relaxation being obtained with intravenous cZ-tuboouranne hydro- 
chloride The dose of the latter required has been found to he approximately 
2 5 to 3 0 mg per stone of body-weight This combination appears to be per- 
fectly safe in the hands of an experienced anaesthetist, and is ideal for the 
bronchoscopist The danger of post-operative sub-glottio oedema is minimal 
when the larynx is completely relaxed before the bronchoscope is passed 
Premedioation consists of omnopon and atropine given half an hour before 
bronchoscopy 

Bronchoscopic findings The bronchoscopio findings in 26 of the 28 patients 
with active primary tuberculosis have been subdivided into several types 
(Table I) , in two patients (Cases 24 and 26) no bronchoscopic abnormality 
was found The two cases of healed primary tuberculosis will be described 
separately 

Type I (9 cases) The bronchial lumen is narrowed, frequently into a mere 
slit, by a local bulging of part of the wall The mucous membrane overlying 
the bulge is hyperaemic and swollen, and when the bronchoscope is first intro- 
duced it is often obsoured by thick muco-pus whioh must be removed by suction 
On occasions the bulge into tlio mam bronchus so involves a canna min or of 
tho upper or middle-lobe bronchus that the entrance to one or other of these 
bronchi is completely occluded or so narrowed that the final obstruction is pro- 
duced by thick muco-pus (Plato 6, Fig 1) This appearance is due to extrinsic 
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In Soptomber 1047 the author, m conjunction with Graham (Graham and 
Hutchison, 1047), published evidence from an analysis of 45 eases in favour of 
the view that opituborculosis is in fact absorption collapse The clinical and 
radiological features v ore discussod Tho vnluo m diagnosis of the ‘asthmatoid 
wlicozo’ (Jackson, 1018) or of a liistory of pertussis -liko cough was stressed, as 
was tho paucity of other physical signs in many patients The frequent absenco 
of some of tho classical clinical and radiographic signs of pulmonary collapse — 
crou ding of tho nbs, olovation of tho diapliragm, mediastinal or tracheal shift 
— was noted, but it v,as pointed out that with a knon ledge of the anatomy of 
tho bronolunl treo (Foster-Carter and Hoyle, 1945 , Brook, 1940) interpretation 
u ns not usually difficult with tho help of antoro-postonor, lateral, and oblique 
viows (Erwin, 1939) Obstructive omphysoma was seen in two patients 
Bronchioctasis was demonstrated in four patients, bomg in every case out- 
standing])’' freo from secondary infection , in ono of these cases bronolual stenosis 
uns also present In another five cases hpiodol bronchography revealed com- 
plete bronolual obstruction, m ono of wliich there was also stenosis of a mam 
bronohuB In four cases bronchial occlusion wns demonstrated by bronoho- 
scopy It appeared from this nnalysis that although in primary tuberculous 
infection tho occurrence of bronohial obstruction does not seem materially to 
worsen tho early prognosis as regards life, it can, none tho Jess, leave permanent 
sequelae of somo seventy, such ns bronolual stenosis and bronchiectasis, a faot 
not always appreciated uhon these cases were regarded as ‘epituberculous 
infiltrations’ It was decided, therefore, to Btudy tho actual changes in the 
bronchial treo m furthor cases by bronchoscopy 


The Present Investigation 

Thirty children wore oxaminod on one or more occasions by bronchoscopy 
Of these 30 patients, 18 gave evidence of active primary tuberculosis associated 
with sharply outlined radiographic shadows in tho lung fields, lobar or seg- 
mental in oxtent, but without mediastinal or tracheal displacement The clinical 
and radiological findin gs were such as to justify a diagnosis of ‘opituberculosis’, 
although hpiodol bronchography m four patients showed bronchial obstruction 
In another 10 patients with active primary tuberculosis the clinical and radio- 
logical findings were similar to those already mentioned and in addition there 
was present mediastinal or tracheal shift , obstructive emphysema was also 
seen in two of this group The remaining two patients were suffering from 
uninf ected bronchiectasis which had complicated a healed primary tuberoulous 
infection The 30 cases are summarized individually m the Appendix, and the 
incidence of lobes affected is shown m Table H 

Technique of bronchoscopy Negus-type bronchoscopes of various sizes were 
used Specimens from the bronchial tree were obtained by means of a sucker or 
alligator forceps Anaesthesia was the only problem requiring special considera- 
tion Pentothal and curare were tned, but young children tolerate the former 
badly Bronohosoopy is praotioa ble with large doses of old oral hydrate (GOr- 
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seven and a half years, the radiograph showed a calcified primary complex m 
the right lung, and the bronchi in the right middle lobe were seen to be markedly 
dilated on the film Clinically the girl was in fair health, but an ‘asthmatoid’ 
wheeze was audible at the open mouth and she was subject to frequent attacks 
of ‘bronchitis’ Bronchoscopy revealed much sticky mucus m the right mam 
bronchus This was aspirated with difficulty, when the entrance to the right 
middle-lobe bronchus was seen to be greatly narrowed and puokered A hpiodol 
bronchogram showed complete occlusion of the middle-lobe stem bronchus 
1 om from its origin 

The second patient (Case 30), a girl aged nearly 10 years, was first seen at the 
age of nine months when a diagnosis of epituberculosis affecting the right lower 
lobe was made Caseous material containing tubercle bacilli was aspirated from 
the right lung on two occasions Serial radiographs in the intervening years 
showed this tuberculous lesion to heal with the development of calcifioation 
within the affected lobe and in the sentinel tracheo-bronohial lymphnodes 
Finally, at the age of nearly 10 years all traces of calcification (whioh had been 
extensive) had disappeared, but right lower-lobe collapse with marked shrinkage 
persisted At this time she had an infrequent loose cough with very little 
sputum, and experienced undue breathlessness on exertion The fingers showed 
Blight clubbing The Mantoux test was positive She was 85 per cent of the 
expected weight for her age Abnormal physical signs present were diminished 
movement of the right lower chest and slightly impaired percussion note at the 
right base, where the breath-sounds were bronchial in type A hpiodol broncho- 
gram showed cylindrical bronchieotasis m the right lower lobe Bronchoscopy 
showed patent bronchi on the right side, but the normal anatomical arrange- 
ments of the right bronchial tree were distorted, there being irregularity and 
distortion of the cannoe, and the anterior, axillary, and posterior basal bronchi 
came off at unnatural relationships to each other The right lower lobe was 
successfully removed Histologically the bronchial walls and mucous membrane 
wore mtact, but almost all alveoli had disappeared and were replaced by fibrous 
tissue There was no sign of tuberculosis Furthermore, it was noted at opera- 
tion that the right tracheo-bronchial lymphnodes had virtually disappeared 
These findings are of interest m that they afford proof that mtrathoraoic casea- 
tion may occur, probably extensively, and undergo complete resorption in the 
human subject Proof that this may occur m animals has been provided by 
Wilhs (1934), Oppenheimer (1935), and others The complete disappearance of 
calcification from a tuberculous lesion has already been described by Brailey 
(1937) 

These two hoaled cases have been described to indicate that ‘epituberculosis’ 
may, on occasion, leave permanent damage of some seventy, although it is not 
known how frequently. 

Illustrative. Cases 

Case 1 (Type I), a girl aged three years and two months, had been a full-time 
healthy baby, bottlo-fed, and apart from a febrile illness with a convulsion at 
the ago of two years had thnved well Hiptoiy of contact with tuberculous 
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pressure on tbo bronchial Mall by tuberculous bronoho-pulmonary lymphnodes 
and olosoly rcsorablcs tho appearances found m carcinoma of the lung with hilar 
gland involvement 

Type II (a) (3 cases) Under tho mucous mombrano covering such a bulge ns 
already dosenbed are found glistening, ycllou, slightly raised areas whioh 
indicate that a caseous lymphnodo is on tho vergo of ‘pointing’ into the bron- 
chial lumen On one occasion such a ‘papulo’ was accidentally ruptured, when 
somi-fiiiid caseous material rich m tubercle bacilli flooded into the bronchial 
lumon , this occurrence did not scorn to upsot tho child m any way (Case 2) 
Presumably such an ovont must happen not infrequently in natural circum- 
stances, though if sufliciont of tho caseous material ruptures into or reaohes the 
trachea rapid death from asphyxia may onsuo 
Type II (b) (2 casos) Tho bulge described in Typo I becomes more circum- 
scribed and pinkish-yellow m colour, forming a ‘tuberculoma’, which projects 
abruptly into tho bronclunl lumon, tho covering mucous mombrano being intact 
(Plato 5, Figs 2 and 3) Such a tuberculoma has been removed with forceps 
(Caso 3) and found histologically to consist of tuborculous tissue (Plate 6, 
Fig 0) 

Type III (a) (7 cases) In this typo there is found an aroa of ulceration of the 
bronchial mucous mombrano covorod by a thin layer of granulation tissue, 
sometimes dirty yellow in colour, sometimes raspborry-red and bleeding readily 
(Plato 5, Fig 4) It is not possiblo from tho appearances to determine whether 
this is tho sequel to rupture of tho caseous lymphnodo which has emptied its 
contents into tho bronolual lumon or a bother it is caused by a Jymphnode 
slowly eroding its way through tho bronchial wall Considerable difficulty is 
oxpcnonced in obtaining a satisfactory piece of this thin layer of granulation 
tissuo for biopsy, and caro must bo taken not to punch through tho bronchial 
wall 

Type III (b) (5 cases) A mam bronchus or a primary division to a lobe is 
fillod with pinkish or greyish-yellow friable granulation tissuo, which can often 
bo dislodged readily with tho sucker without much bleeding Saab granulation 
tissue lias boon oxamined histologically on two occasions (Cases 5 and 26) and 
found to bo typical tuberculous tissue with follicles, giant-cells, &o This state 
of affairs is presumably only a moro advanced stage of Type II ( b ) when the 
mucous membrane has brokon down, and in fact the change from Typo II (b) 
to Typo HI (b) was observed in one of the cases of obstructive emphysema when 
absorption collapse supervened (Case 28) In another case (Case 6) repeated 
bronchoscopies showed the appearances change from Type I to both Types H (b) 
and m (6), and on tho final bronchoscopic examination actual calcification was 
demonstrated histologically in tho caseous material removed The canna major 
was appreciably widened in 15 of the 26 cases desonbed above, indicating 
involvement of the inferior traoheo-bronohial lymphnodes in the tuberculous 
process In another of these cases (Case 3, Plate 5, Fig 2) the canna was 
distorted, the lower end being pulled to the nght 
Appearances in healed cases In the first case (Case 29), that of a girl aged 
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making a good recovery His mother suffered from tuberculosis of a knee-joint 
He was admitted to hospital on December 6, 1947, with a six months’ history 
of loss of weight, lawlessness, and persistent unproductive cough For six weeks 
prior to a dmiss ion he had been noticed to wheeze audibly He was 89 per cent 
of the expected weight for his age, and looked well The right side of the chest 
was bulging and moved poorly, and had a hyper-resonant percussion note 
Breath-sounds and vocal resonance were markedly defective on this side The 
apex-beat was in the left mpple-hne A radiograph on December 8 showed 
segmental collapse m the right lower lobe, and emphysema of the remainder of 
the lung, together with mediastinal shift to the left (Plate 6, Fig 6) Bronoho- 
scopy on December 22 showed that the canna major was distorted and dis- 
placed to the right On the medial wall of the right mam bronchus were two 
large, yellowish, submucosal ‘tuberculomata’ During inspiration air passed 
through a small sht between the tuberculomata and the lateral wall of the 
bronchus, but during expiration even this narrow channel disappeared as the 
bronchial wall closed Thus the ‘ check-valve ’ mechanism described by Jackson 
(1930) was clearly seen m action (Plate 5, Fig 2) The tuberculomata were 
removed with alligator forceps without much bleeding The pathologist’s 
report on the tissue was ‘The material consists entirely of tubercle follicles, 
some with giant-cells, and some caseous material’ (Plate 6, Fig 6) Scanty 
tubercle bacilli were found in smears from this tissue After bronchoscopy the 
radiographs allowed almost complete return of the appearances to normal, 
apart from persistent segmental collapse in the right lower lobe Two months 
after bronchoscopy the child was gaming weight and looked very well 


Case 4 {Type Ilia), a boy aged eight years, had been a full-time healthy 
baby, breast-fed for rune months Hia recovery from measles and chickenpox 
had been uneventful History of contact with tuberculous patients was not 
obtained On December 27, 1940, he became febrile, dyspnoeic, and ill The 
fever decreased slowly while the patient was having penicillin and sulphona- 
mide, and he seemed well apart from a cough In February he was noted to 
have evening pyrexia although he seemed otherwise well A radiograph showed 
collapse of the right middle lobe He was admitted to the Royal Hospital for 
Sick Children on April 27, 1947 The Mantoux reaction was positive and the 
erythrocyte sedimentation rate 28 mm in one hour (Westergren) Broncho- 
scopy on May 1, 1947, showed that the canna major was widened and the 
mucous membrane of the nght bronchus appeared sodden On the antenor 
wall of the mam bronchus below the ongm of the middle-lobe bronchus the 
mucous membrane was replaced by a layer of red, unhealthy-looking granula- 
tions which had the appearances of clusters of tissue growing through the 
bronchial wall This tissue extended forwards into the nght middle-lobe bron- 
ohus, wluch was completely occluded (Plate 5, Fig 4) A specimen of this 
tissuo was submitted to the pathologist and showed ‘respiratory epithelium, 
connective tissue, polymorph and mononuclear cells’, tubercle follicles were 
not seen A hpiodol bronchogram on May 8, 1947, showed that all the bronchi 
of the nght lung were well filled, save those of the nght middle lobe into which 
lipiodol failed to run Ho was discharged to his home in the country under the 
supervision of Dr Anderson of the Glenlomond Sanatonum, Kinross, who 
reported on November 8, 1947, that he was doing well The evening pyrexia 
had ceased and the sedimentation rate approached normal values Radio- 
graphic appearances, liowover, remained unchanged Permission for further 
bronckoscopic investigation was refused 

{Q New Series No CDJ p 
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pationts was not obtained Sho was admitted to hospital on Ootober 21, 1946 
with orythonm nodosum, having had fever and a convulsion 10 days previously’ 
The Mantoux test was positivo and the erythrocyte sedimentation rate (Wester- 
gren) 87 mm m one hour A radiograph taken on October 22 showed enlarged 
loft hilar lymphnodes, but on November 1 tho film showed partial collapse of 
tho loft upper lobe Bronchoscopy on November 25 showed that the carrna 
major was normal Marked narrowing of tho left mam bronchus produced by 
a largo latornl bulge, together with rotation of the bronchus in a clockwise 
direction, was seen so that tho left upper-lobe bronchus aroso anteriorly The 
origin of tho loft uppor-lobo bronchus was much narrowed by swollen hyper- 
ttomio mucous membrnno and was initially occluded by thick mucus which was 
removed by suction (Plato 5, Fig 1) Tho radiographic appearances after 
bronchoscopy remained unaltered On December 4 the cluld w as transferred to a 
convalescent homo m tho country'. On January 15, ID 47, sho w r as re-admitted 
having dovoloped tuberculous meningitis A radiograph on Januniy 10 showed 
re-expansion of tho left upper lobo The primary' focus was not clearly seen 
In spito of treatment with streptomycin the cluld died on February' 8 At 
autopsy' a largo caseous lyxnphnode was found greatly narrowing the mam 
bronchus, w Inch w as, in fact, rotated On tho carrna between the left upper 
lobo bronchus and the mam bronchus was a small perforation through which 
could bo expressed caseous material from tho cnlnrged left tracheo-bronchial 
lymphnodo Tho primary focus was m tho loft upper lobo and measured 
4 x 3x2 cm 

Case 2 ( Type. Ila), a girl aged two and a half years, had been a full-tune 
healthy' baby', bottle-fed, and had tlinvcd well apart from cluokenpox and 
whooping-cough A lustory of contact with tuberculous patients was not 
obtained Sho was admitted to hospital on August 7, 1047, with a 10-day 
lustory of fever, -drowsiness, and irritability Tho Mantoux reaction was positive 
and tho cerebrospinal fluid normal A radiograph showed enlarged hilar 
shadows Sho was discharged homo to tho care of her family doctor on August 
13 Sho was re-ndmitted on October 2, 1947, bocauso of loss of weight and a 
spasmodic cough On this occasion radiographs showed collapse of the nght 
rmddlo lobo and anterior basal segment of the lower lobe The erythrooyte 
sedimentation rate was 03 mm m one hour (Westergron) Bronchoscopy on 
Octobor 9 showed that tho carrna major w as widened The nght bronchuB was 
filled with mucus, which was aspirated Tho lumen was then seen to be narrowed 
by a largo postero-medial bulge situated just below the upper lobe bronchus 
On tho surface of tho bulge were several glistening yellow submucosal 'papules , 
one of which was accidentally ruptured Thick caseous matenal exuded in 
large quantity into the bronchial lumen, and was removed with forceps and by 
suction The middle-lobe bronchus was then seen as a closed slit surrounded by 
swollen congested mucous membrane The bronchi of the lower lobe could not 
be seen, as the bronchoscope could not be pushed past the bulge The patho- 
logist’s report on the caseous material was ‘Lymph gland with coagulative 
necrosis and caseation A few lymphocytes remain Aoid-fast bacilli present rn 
smears and section ’ The child was sent to the country branch of the hospital 
and in four months gamed over 2 5 kg in weight The radiographic appear- 
ances did not change immediately after bronohoscopy, but four months later 
showed collapse of the medial segment of the middle lobe only 

Case 3 (Type lib), a boy aged seven years and ten months, had been a full- 
time healthy baby, breast-fed for three months He had had pneumonia when 
aged one year, and bronohitis at two, three, and six years, on eaoh occasion 
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before bronchial rupture bad bad time to take place Secondly, it is certain 
that bronchial rupture mil be found more frequently if a special search for it is 
made Between 1932 and 1942 at the White Cross Hospital of Budapest, for 
example, routine autopsy technique revealed bronchial rupture in rune cases 
(11 3 per cent ) among 79 children who died of tuberculosis (GOrg^nyi-Gdttohe 
and Kassay, 1947) Since these workers became particularly interested m this 
subject, however, they reported the finding of bronchial rupture at autopsy in 
eight (47 1 per cent ) of 17 cases of tuberculosis at the St James Hospital of 
Budapest, where the technique was designed to reveal bronchial rupture as far 
peripherally as a tertiary bronchus 

Furthermore, clinicians are familiar with a type of progressive and fatal 
tuberculosis m children which produces large, sharply outlined, wedge-shaped 
radiographic shadows precisely like those of epituberculosis Their very shape 
indicates that they represent the involvement of a lobe or bronoho-pulmonary 
segment Rich (1944) points out that when such cases come to autopsy ‘there 
is found, practically invariably, an erosion of a large bronohus by an adjacent 
caseous lesion’ He adds, ‘since the appearance of the X-ray shadow of epi- 
tuberoulosis is identical with that of progressive pulmonary tuberoulosis result- 
ing from the discharge of a caseous lymph node into a large bronchus (from the 
roentgenogram alone no one could say whether the shadow represents progres- 
sive tuberculosis from bronchial aspiration, or whether it will resolve), there is 
good reason, on this basis alone, to suspect that the consolidation of epituberou- 
losis results from the aspiration of material from a caseous lymph node that has 
discharged into a large bronchus ’ In support of this concept he describes cases 
in which he encountered evidence of healed bronchial perforations in subjects 
who had died from diseases other than tuberculosis in later life In addition to 
this type of epituberculosis m which he postulates the presence of extensive 
pulmonary lesions produced by the aspiration of tuberculous material, Rich 
(1944) gave as his opinion that identical large wedge-shaped radiographio 
shadows can be caused by atelectasis resulting from the compression of a 
bronchus by an adjacent tuberculous lymphnode, or from the plugging of 
a bronchus by caseous material arising from a lymphnode that has eroded the 
bronchus In both these types of epituberculosis described by Rich (1944) an 
essential factor is the involvement of a bronchus with an adjacent tuberculous 
lymphnode 

In tho cases described in the present paper the radiographic appearances were 
identical with those discussed by Rich (1944) There were no clinical differences 
of diagnostic import between cases m which bronchoscopy revealed only extnn- 
sio lymphnodo pressure on the bronchial wall, and cases in which the bronchial 
wall had been perforated by a caseous lymphnode The bronchoscopio findings 
in those patients in whom the radiographs showed lung parenchyma shadows 
without mediastinal displacement did not differ materially from the findings 
m pationts whoso radiographs showed the classical appearances of absorption 
collapse Further, in four of tho IS patients without mediastinal displacement, 
hpiodol bronchograms revealed bronchial obstruction (Cases 4, 18, 19, and 20) 
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Cast 5 ( Type IHb), a girl aged two yoars and mno months, had been a full- 
timo healthy baby, bottled-fed History of contact with tuberonloua patients 
was not obtained In September 1947 sho developed cough, anorexia, and Iiet- 
lessnoss, and bogan to loso woight Sho was admitted to hospital on November 3 
and appeared to bo in good genoral health, and was the expected weight for her 
age Di min ished movement of the right side of tho ohest, impaired percussion 
noto at tho right base, and diminished air-ontiy woro noticed A radiograph 
showed the typical ‘jib-sail* shadow of right lower- and middle lobe collapse, 
with shift of the trachea and heart to tho affected side Tho Mantoux reaction 
was positivo and tho scdimontation rate 20 mm m ono hour (Westergren) 
Bronchoscopy on Novombor 17 showed that tho canna major was normal The 
right bronchus was complotcty obstructed at tho level of tho middle-lobe orifice 
by friable granulation tissue which bled freely whon touched An attempt was 
made to romovo tho obstruction by suction and with alligator forceps, but the 
lowor part of tho mam bronchus could not bo oleared Tho pathologist’s report 
was. ‘Tuboroulous granulation tissue with tuborcle folhcles in the submucosa ’ 
Many tuborolo bacilli woro found m smears and seotion A radiograph after 
bronchoscopy showed partial aeration of tho right lowor and middle lobes in 
which woro to bo scon dilated bronclu 


Discussion 

The presont investigation confirms tho work of others in this countiy and 
abroad that m tho course of primary tuboroulous infection enlarged caseous 
broncho-pulmonary and trachco-bronclual lymplinodes frequently interfere 
with the normal pntoncy of tho bronohi In tho senes of 28 cases with active 
primary tuborculosis associated with radiogrnphio abnormalities m the lung 
fields, mno rovoalcd ovidonco of local lymphnodo pressure on tho bronohial wall, 
in fivo cases a lymphnodo had oroded into tho tissues of the bronchial wall but 
had not perforated tho mucous mombrane, and in 12 cases tho mucous mem- 
brane had beon oroded Only two patients (Cases 24 and 25) failed to provide 
bronchoscopic ovidonco of bronchial obstruction These two exceptions are 
regarded as indicative of tho diagnostic limitations of bronchoscopio examina- 
tion, limitations whioh are already well recognized m the study of bronchogemo 
carcinoma In fivo cases of the senes, tubercle bacilli were obtained through the 
bronchoscope (Coses 2, 3, 5, 20, and 26), and in five cases typical tuberculous 
tissue was demonstrated histologically (Cases 2, 3, 6, 6, and 26) 

Pathologists have differed widely in the frequency with which they have 
found erosion of bronohi by tuberculous lympbnodes at autopsy Ghon (1912) 
found bronchial rupture m 30 cases (17 7 per cent ) out of 184 autopsies On 
tho other hand, Blaoklook (1932) working in the same hospital as the writer 
found bronchial rupture in only four cases (2 3 per cent ) out of 173 autopsies 
There are several possible explanations of this discrepancy Firstly, the great 
majority of Blaoklock’s cases were infants who had died during the first or 
second years of life, when tuberculosis most often runs a rapidly progressive 
course Clinical experience suggests that in infanoy tuberculosis either proves 
fatal within the first six months after primary infeotion, or else it tends to heal 
It seems possible, therefore, that in Blacklook’s senes the young patients died 
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son, 1947) to be reconciled with the views of those who have described a non- 
caseatmg tuberculous pneumonia (Rubinstein, 1928 , Reichle, 1933 , Oppen- 
heimer, 1935, Cameron and De Navasqnez, 1936, Maogregor and Alexander, 
1937) At the same time, it indicates that absorption collapse is the essential 
pathogenesis of epituberculosis 

Cases 29 and 30 of the present senes show that bronchiectasis and bronohial 
fibro-stenosis may result from epituberculosis These sequelae might be ex- 
pected to be of not infrequent occurrence in a condition of pulmonary collapse 
caused by tuberculosis of the hilar lymphnodes and bronchial wall The 
patients descnbed by Lightwood and Wilson (1936), Kent (1942), and Jones, 
Peck, and Willis (1946) suggest that this is the case 

Finally, it is suggested from the findings reported here that it is possible in 
the majority of oases of epituberculosis to demonstrate that absorption collapse 
is present Absorption collapse need not be associated with much diminution m 
the volume of the affected part of the lung if the causal bronchial occlusion is 
produced slowly, and especially if there is, m addition, disease of the lung paren- 
chyma Segmental collapse will be demonstrated only by the use of lateral and 
oblique views as well as antero-postenor (or postero-antenor), and accurate 
interpretation requires a knowledge of bronchial anatomy (Foster-Carter and 
Hoyle, 1945 , Brock, 1946) The underlying bronchial occlusion and its nature 
can be demonstrated by tomography, kpiodol bronchography (although this 
carries subsequent disadvantages in the interpretation of future radiographs), 
and bronchoscopy, which is virtually free from risk and moreover enables the 
physician to exclude pulmonary collapse due to inhalation of a foreign body. 

Summary 

1 The nature of epituberculosis is discussed and the various hypotheses 
found in the literature are quoted 

2 A bronohoscopic investigation of 30 children is described which indicates 
that m the majority of cases of epituberculosis an essential factor is bronchial 
obstruction with absorption collapse 

3 Bronchial obstruction is due to pressure upon the wall by enlarged tuber- 
culous lymphnodes, which may merely distort the lumen, invade the bronohial 
unll itself noth the production of submucosal caseous prominences, or rupture 
into the lumen with the appearance of tuberculous granulations therein 

4 Incomplete bronchial occlusion may cause the production of obstructive 
emphysoma, whioh has been descnbed in two of the patients 

6 Two of the cases demonstrate that sequelae such as bronchiectasis and 
bronchial fibro-stenosis may result from epituberculosis 

Thanks are due to Professor Stanley Graham (in whose wards the majonty 
of tho patients sere treated) for his constant interest and encouragement 
This investigation uould have been much more difficult without tho active 
co-operation and anaesthetic perfection of Dr William Auld The coloured 
drawings of bronchoscopic appearances wore executed by Mr Gabnol Donald 
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It seems reasonable to concludo, therefore, that absorption collapse affecting a 
segment, a lobo, or an entire lung, caused by compression or erosion of the 
bronchial -wall by an adjacent tuberculous hilar lymphnodo, is an essential 
factor in opituberculosis Wcstcrmark (1941) suggested that opituboroulosiB 
duo to atelectasis could bo distinguished from that duo to a ‘proliferative type’ 
of pulmonary tuberculosis with a tendonoy to clear by tlio different radiographic 
appearances , tlio former typo produces the classical signs of pulmonary collapse, 
whereas the latter docs not This contention cannot bo substantiated by the 
findings reported lioro Cases 3 and 28 demonstrate that when an eroding 
tuberculous ljmplmodo so distorts the bronclunl lumen ns to produco a ‘check- 
valve ’ instead of a ‘stop-vaho’ effect, the result will bo obstructive emphysema 
instead of opituborculosis or absorption collapso 

Tlio presont investigation docs not reveal whothor the area of atelectasis pro 
duccd by oxtnnsic lymphnodo compression of a bronchus differs histologically 
from tlio atelectasis caused by plugging of a bronchus with tuberculous granula- 
tion tissuo which hns eroded its wall It seems possible that m the former event 
tlio lung might show only atelectasis without other disease In the latter event, 
how over, tuberclo bacilli and caseous tissuo can bo removed through the 
bronchoscopo, and presumably they must also, on occasions, bo aspirated into 
the atelectatic zono which is in communication with tlio obstructed bronchus 
It is difficult to imagine that any ovtensno tuberculous pneumonia is present 
in such cases .As already stated, they differ clinically in no way from the more 
simplo cases of bronclunl compression Tlio studies of Rubinstein (1928), 
Cameron and Do Navasquoz (1930), Macgregor and Alexander (1937), and 
others mdicnto the probability that tuborculous pulmonary lesions of a non- 
cascntmg and non-fibrotic typo can resolve more or less completely It is 
reasonable to supposo, then, that in the cases of absorption collapse associated 
with actual bronclunl perforation histological changes such ns those described 
by Macgregor and Aloxandor (1937) or by Pagel (1932) may be superimposed 
upon tlioso of simplo atelectasis This raises tho question as to what conditions 
provont tho occurrence of progressive fatal bronohopneumonia when a caseous 
lymphnodo discharges its contents or erodes into the lumon of a bronchus 
Two obvious factors are tho resistance of the host and the number of tuberole 
bacilli actually aspirated into the alveoli Rich (1044) pointed out that caseous 
material is often very poor in tubercle bacilli and the material that escapes into 
tho bronchus may contain relatively few bacilli It may be, also, that the 
bronchial occlusion itself renders aspiration of material into the distal alveoli 
less likoly and less effective than when bronchial rupture occurs without 
causing occlusion of the bronchial lumen 

The concept of opituberculosis as a state of absorption collapse with, in some 
instances, superimposed resolving parenchymal tuberculosis enables the viewB 
of those who have regarded opituberoulosis as identical with pulmonary collapse 
(Morlook and Prnohin, 1033, Resale, 1936, Brock, Cann, and Dickinson, 1937, 
Macpherson, 1939, Kent, 1942, Jones, Rafferty, and Willis, 1942, Guillermo 
and Alberto, 1946 , GOrgdnyi-Gflttche and Kassay, 1947 , Graham and Hutohi- 
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Kto 1 Bronchoscopic now of the loft mom bronchus, which xs narrowed bj an mroro lateral bulge Tho bronchus 
is rotated clockwipo bj glandular pressuro Tho upper lobo bronchus is much narrowed and arising from tho anterior 
aspect Tho ennna botweon tho anterior and middle basal bronchi is aeon (Case 1) 
ho ! A composito bronchoscopic new of tho cannn major, tho lower polo of which is pulled to tho right, and tho 
right main bronchus in which arc two submucosal ' tuberculomata’ Tho picture was mado during inspiration During 
expiration tho narrow sht liko lumen on tho right was obliterated bj tho ‘tuberculomata’ meeting tho lateral bronchial 

wall (Case 3) 

Ho 3 Bronchoscopic new of tho loft bronchus Tho cannn botweon tho anterior and middlo basal bronchi is widened 
t>U glandular pressuro A submucosal ’ tuberculoma ’ is seen m tho mam bronchus distal to tho origin of tho anterior 
Irnsal bronchus During expiration tho narrowed lumen between tlm ‘tuberculoma’ and bronchial wall was obliterated 

(Caso 28) 

Fm A Bronchoscopic new of tho right main bronchus Red, blooding granulation tissue « shown growing up tho 
anterior wall of the bronchus and occluding tho mid lobo bronchus which is seen as n depression above granulation 
tissue The bronchial mucosa is swollen and h) 7 >enioraic (Case 4) 
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Kio 1 Bronclioscopio \ iow of tho loft main bronchus, which ib narrowed bj an inforo lateral bulgo Tho bronchus 
is rotated clockwiBO bj glandular pressure Tho upper lobe bronchus is much narrowed and arising from tho anterior 
aspect Tho canna between tho anterior and middle basal bronchi is seen (Cose 1) 

Ho 2 A composite bronchoscopio view of tho canna major, tho lower polo of which is pulled to tho right, and tho 
right main bronchus m which arc two submucosal ’ tuberculomata' Tho picturo was made during inspiration. Dunng 
expiration tho narrow slit liko lumen on tlio right was obliterated b\ tho ‘tuberculomata’ meeting tho lateral bronchial 

wall (Case 3) 

Flo 3 Bronclioscopio \ iow of tho loft bronchus Tho canna between tho antonor and middle basal bronchi is widened 
lij glandular pressure A Riibmucosal ‘tuberculoma is seen in tho mam bronchus distal to tho ongin of tho nntenor 
basal broncliuR Dunng expiration tho narrowed lumen between tho ‘tuberculoma’ and bronchial wall was obliterated 

(Case 28) 

1 10 -1 Bronclioscopio mow of the nglit main bronchus Red, bleeding gmnulntion tissuo is shown growing up the 
nntenor wall of the bronchus nnd occluding tho mid lnbo bronchus, which is seen as a depression above granulation 
tissue Tho bronclunl mucosa is swollen and hyperoemic (Case 41 
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Fm 0 Photomicrograph, showing tlio histological 
appearances of tissue from Cnso 3 (lugs 2 and fi), 
including typical tuberculous follicles 
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THE EFEECT OF SMOKING ON WATER DIURESIS IN MAN 1 

By J M WALKER 

(From the Department of Pharmacology, Oxford) 

Nicotine is the most widely used drug in this country and its effects when 
continually exerted over years are therefore of medical importance It is 
generally known that nicotine stimulates sympathetic gangha causing a nse of 
blood-pressure and heart-rate, and various observers (Hesse, 1907, Roth, 
MoDonald, and Sheard, 1944) have shown that the amount absorbed from one 
or two cigarettes is sufficient to raise the blood-pressure by 20 mm and the 
heart-rate by 10 to 20 heats per mmute Recently a different effect, the libera- 
tion of the antidiuretic hormone, has been described by Bum, Truelove, and 
Bum (1946) Their work followed the demonstration by Piokford (1939, 1947) 
that acetylcholine injected into dogs inhibited a diuresis produced by giving 
water by mouth She proved that acetylcholine exerted its action by stimulat- 
ing the supra-optic nucleus, for she injected acetylcholine into the neighbour- 
hood of the nucleus and observed the antidiuretic action only when the injection 
entered the nucleus Since this action did not occur after removal of the 
posterior lobe of the pituitary, Pickford concluded that the acetylchohne 
stimulated the nucleus to send impulses along the fibres to the posterior lobe, 
causing a discharge of the hormone This action of acetylchohne was unaffected 
by atropine and was therefore a nicotine-like action. It was thus not surprising 
that Bum and his colleagues found that nicotine itself had the same effect m 
rats, and that the effect was no longer seen after hypophysectomy They 
Bhowed m addition that either the intravenous injection of nicotine or the 
smokuig of one or two cigarettes had a similar antidiuretio action in man 

The present work has been done (1) to investigate the variation in the effect 
of smoking in man in a larger group of subjects, (2) to see whether the anti- 
diurotio action is accompanied by a nse in total chlonde excretion, as it should 
be if due to a liberation of postenor lobe hormone, (3) to estimate the amount 
of postenor lobe hormone liberated by smoking one or two cigarettes, and (4) to 
compare the effect of injections of morphine with those of nicotine 

Results 

Diuresis oxpenments were earned out on 16 students Each subject emptied 
lus bladdor and drank 900 c c of warm water Unne was collected and measured 
at intervals of 15 minutes, until the final inhibition of diuresis had passed off 
Tho cigarette was smoked, or the injection given, 45 minutes after the subject 
had drunk the water 

1 Received August 19, 1948 
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Effect of cigarette-smoking Out of 13 students soven had an inhibition of 
diuresis after one oigarotto, and the remaining six required two cigarettes to 
produce an effect Tho results arc given in Table I Tlio figures are tho number 
of minutes between the tuo peaks of diuresis (seo figure) It will bo seen 
that of thoso in whom only ono cigarctto was cfFcctivo tho majority were non- 
smokors, wlule of tlioso u ho required two cigarettes to produce an effect the 



Tho subject drank f>00 c c ofwnteratzcro Ho emptied his bladder at 16 min intervals 
Tho continuous lino shown tho volumo of unno exoreted After 45 mins ho smoked ono 
cigarette, winch produced tho inhibition shown in the graph Tho broken hno shows tho 
total chlondo oxcrction Koto tlio nso in total chlondo coincident with the inhibition 

majority wero smokors Fivo students (A, B, C, D, and H) felt sbght nausea 
during the experiments 

Change in excretion of total chloride In Bickford's (1030) experiments the 
inhibition of diuresis caused by ncetjlohohno was accompanied by an increased 
excretion of total cldondcs, nn effect which is characteristic of the posterior 
pituitary hormone In two of the students therefore (Subjects G and J) total 
chlorides wero estimated on each specimen of unno In both cases there was a 
rise m total chlondo excretion coinciding with the inhibition of diuresis Tho 
result m Subjeot G is given in the figure 

Effect of injections of nicotine Three students were given intravenous injec- 
tions of nicotine acid tartrate with the results shown in Table IT It will be 
seen that the dose of nicotine acid tartrate required to cause an inhibition of 
diuresis in theso subjects was 1 <3 to 3 0 mg Since the amount of mcotmo 
present m the salt is approximately 60 per cent , it follows that the amount of 
nicotine required to cause an inhibition of diuresis in the subjects m Table II 
Was from 0 8 to 1 6 mg Recently long and Wynn Parry have estimated tho 
amount of nicotine which enters the month when one cigarette is smoked, and 
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have found that it hes in the range 0 66 to 1 2 mg The amount of nicotine 
which enters the blood will be the proportion of this which is inhaled Hence 
the effect of injected nicotine agrees quantitatively with the effect of nicotine 
inhaled in the smoke of one or two cigarettes It is aho interesting to note that 
nausea may accompany the injection of nicotine without there being an inhibi- 
tion of diuresis (Subject G, dose 2 0 mg of nicotine aoid tartrate) and also that 


Table I 


Duration of Inhibition of Water Diuresis by Cigarette-Smoking 


Subject 

(N)— non-smoker 

By one cigarette 

By two cigarettes 

Nausea 

(S) t= smoker 

[time m minutes) 

(i lime tn minutes ) 

A (N) 

165 

# • 

4- 

B(N) 

165 

• • 

+ 

C (N) 

120 

• . 

4- 

D(N) 

105 

. 

4* 

E (S) 

75 


— 

F (S) 

60 


— 

G (S) 

60 

• • 

— 

H(S) 

0 

180 

4 

J (S) 

0 

120 

— 

K (N) 

0 

90 

— 

L (S) 

0 

90 

— 

M(S) 

0 

00 

— 

N(S) 

0 

45 

— 

Subject 

Table H 

Inhibition of Water Diuresis by Nicotine 

Amount of nicotine Period of inhibition 

acid tartrate (mg ) (time m minutes ) 

Nausea 

G 

1 0 

0 

. — 

»» 

20 

0 

4* 

»* 

30 

60 

4* 

J 

20 

45 

— 

O 

1C 

90 

4- 


an inhibition may ocour without nausea being felt (Subjeot J). The inhibition 
of diuresis must therefore be caused by the nicotine and not merely by nausea 
In all threo subjects the inhibition of diuresis caused by the injection of nicotine 
was accompanied by an increased total excretion of chlorides, the peak of 
chloride oxcrotion coinciding with the inhibition of diuresis 

The effect- of < pituitary [posterior lobe) extract Injections of pituitary (posterior 
lobe) extract ucre given to six students The results are shown m Table HI, 
whoro they can bo compared with the effects of cigarette-smoking m the same 
subjects The doses of pituitary extract havo been expressed in milk uni ts (mU) 
Tho ordinary pharmacopoeia! extract contains 10 units per c c and 1 unit is 
equal to 1,000 milhumts It will be seen that m one case (Subject M) the 
period of inhibition caused by two cigarettes was almost tho same as that 
caused by CO mU of pituitary extract intravenously, m three cases (Subjects F, 
K, and L) one or t\i o cigarettes had less effect than 50 mU, and in two cases 
(Subjects A and B) ono cigarctto had a greater effect than 50 mU The effect of 
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pituitary extract lasted longer when it was given subcutaneously than when 
given intravenously No significant diflorenco could bo detected between the 
offects of 50 and 100 mU given intravenously 

The effects of morphine Do Bodo (1044) found that largo doses of morphine 
inhibited water diuresis in dogs It -n as of interest therefore to see whether 
thornpeutio doses of morphmo had tho same effect in man Seven students, 

Table HI 

A Comparison of the Effects of Cigarette-Smoking and Injections of Pituitary 
( Posterior Lobe) Extract on Water Diuresis 


The figures give the duration of inhibition in minutes 

By 50 mV of By 100 mV of 
pituitary extract pituitary extract 





subcuta- 

intravc 

subcuta- 

intrace 

Subject 

By one cigarette 

By tiro cigarettes 

neously 

noushy 

neously 

nously 

A 

105 



00 

105 

,105 

B 

105 

* 


120 

180 

120 

F 

00 



00 

105 


K 

0 

00 

180 

1 35 



L 

0 

00 

• • 

135 

180 

120 

M 

0 

00 

150 

75 




45 mmutes after drinking 000 o c of water, received a subcutaneous injection 
of 20 mg of morphine sulphate, and tho efibot on diuresis was noted In no 
caso was there any inhibition of diuresis, which proceeded in a normal manner 
It wns interesting to noto that four of tho students suffered from nausea as a 
result of tho injection and of these tw o w ere severely affeoted, and vomited 
soveral times Tins confirms tho conclusion already made from tho nicotine 
experiments, that nausea does not itself necessarily lead to inhibition of water 
diuresis 


Discussion 

Tho experiments on cigarettc-smokmg confirm and extend Burn, Truelove, 
and Bum’s (1945) findings, that tho smoking of one or two cigarettes causes 
an inhibition of water diuresis, and suggest that non-smokers are more suscep- 
tiblo to this effect than habitual smokers (Table I) Nicotine injections, m 
amounts of tho samo order ns those absorbed from oigarettes, also caused an 
inhibition of water diuresis (Table II) From Pickford s (1939) work and from 
Bum, Truelove, and Bum’s finding that nicotine did not inhibit water diuresis 
in rats if the pituitary were removed, it is likely that the i nhi biting effect of 
oigarette-smolang and nicotine is exerted through the pituitary This is further 
supported by tho faot that in the experiments desonbed in the present paper, 
the inhibition duo to smoking or nicotine rejection was accompanied by an 
moreased total excretion of chlorides, an efifeot characteristic of the action of 
tho posterior lobe hormone If cigarette-smoking liberates the antidiuretio 
hormone from the posterior lobe of the pituitary, it is important to know how 
much hormone is being liberated Table HI gives the results of mjeotion of 
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pituitary (posterior lobe) extract compared with that of cigarette-smoking It 
will be seen that the smoking of one or two cigarettes has an antidmretic effect 
of about the same magnitude as that of the intravenous injection of 60 milk- 
umts of pituitary extract Nauseafrequently accompanies smoking and theinjec- 
tion of nicotine, and it is therefore important to know whether the inhibition of 
diuresis is a non-speoific effect of nausea Table I shows that cigarette-smoking 
may have an antidiuretio effect even in the absence of nausea Table II shows 
that the injection of mcotme may cause nausea without inhibiting diuresis, 
and may inhibit diuresis without there being any nausea Finally, the experi- 
ments with morphine show that nausea and even vomiting may occur without 
there bemg any inhibition of diuresis The inhibition must therefore be due to 
the cigarette-smoking or injection of mcotme and not merely to the nausea 

Summary 

1 Experiments on 13 students showed that an inhibition of water diuresis 
was caused by the smoking of one cigarette (m seven subjects) and of two 
cigarettes (m six subjects) Non-smokers were more susceptible to the effect of 
smoking than smokers 

2 In three students the intravenous injection of 1 6 to 3 0 mg of mcotme 
acid tartrate inhibited water diuresis 

3 The inhibitory effeots of smoking and mcotme were both accompamed by 
a nso in the total chloride excretion and were probably due to the liberation of 
posterior pituitary hormone 

4 Tho effect of the smoking was of the same order as that of the intravenous 
injection of 60 milkumts of pituitary (posterior lobe) extract 

6 There is evidence that the inhibition of water diuresis was not due to a 
non-specific effect of the nausea that often accompamed smoking or the injection 
of mcotme 

6 Morphine, m therapeutic doses, does not inhibit water diuresis m man 

Tins work was done during the tenure of a personal grant from the Medical 
Research Council 
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ON THE NATURE AND SIGNIFICANCE OF STIPPLING IN 
LEAD POISONING, WITH REFERENCE TO THE 
EFFECT OF SPLENECTOMY 1 

BrA J S MoFADZEAN ANf> L J DAVIS 
(From the University Department of Medicine, Royal Infirmary, Glasgow) 

With Plates 7 and 8 
Introduction 

In a recent paper (MoFadzean and Davis, 1947) we described a senes of cases 
of acquired haemolytic anaemia characterized by the presence of basophilic 
iron-positive erythrooytic inclusion bodies similar to those previously descnbed 
by Pappenheimer, Thompson, Parker, and Smith (1946) We showed that al- 
though these mclusion bodies were abundant in the penpheral blood only after 
splenectomy, they were present in a high proportion of the red cell precursors 
in the bone-marrow both before and after this operation Smce the red cells 
containing these mclusion bodies frequently presented an appearance similar to 
that seen m the punctate basophilia of lead poisoning, some observations were 
made which showed that m this condition the granules m the stippled cells not 
infrequently give a positive reaction for iron The present communication is 
concerned with certain subsequent and more detailed observations which we 
behove may throw a new hght on the causation and significance of the stippling 
of lead poisoning 

Material and Methods 

The human material was provided by four men exposed to lead risk in the 
course of their employment as ‘burners’ m shipbreaking yards Three of the 
patients were admitted to hospital with acute lead colic, but the fourth had no 
symptoms of lead intoxication The annual material was obtained from guinea- 
pigs given varying doses of lead acetate, lead nitrate, or lead carbonate by 
mouth The lead salt was dissolved or dispersed m water and intimately mixed 
with the food in Buck a way as to ensure as far as possible that the full 
doso vas consumed When smgle doses u ere given they were administered 
directly by T a pipette Specimens of bone-marrow were obtained from the 
human pationts by r sternal puncture, and from the guinea-pigs by the method 
of McFndzean (1948) from tho ilium or femur Smears were made by the 
squash method described by Davidson, Dams, and Innes (1943) Tho blood and 
bone-marrow films wcro fixed or stained immediately after preparation For 
the demonstration and enumeration of stippled cells Leishman’s stain was 

1 Received August 17, 1D1S 
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employed find diluted with ft buffer solution of pH 7 2 Dor the demonstration 
of iron, films were fixed m formalin vapour and treated with equal parts of 2 
per cent potassium ferrocj nmdo and 2 per cent hydrochloric acid in distilled 
water, and countcrstamcd with dilute carbol fuchsin. 


The Morphological Gharaclers of Stippling 

The peripheral blood The morphology of stippled orythrocytes in the pen- 
phornl blood in liumnn cases of lead poisonmg has been the subjeotof a volumin- 
ous literature and will not bo dealt with further here Although the stippling in 
animals experimentally poisoned with lead lias also been described by several 
writers, we wish to emphasize certain points observed by us In guinea-pigs, 
when lightly poisoned, stippling in the peripheral blood was similar to that seen 
m human cases of lead intoxication, but normoblnsts w ere often seen and many 
of tlicso showed stippling In more severely poisoned animnls a constant feature 
was the presence m man}' of the stippled cells of large and scanty granules 
(Plato 8, Pig 7) Frequently theso were irregular m outhne, and fino threads 
were sometimes seen linking the individual granules This coarse stippling was 
commonly associated wrtli changes in tho haemoglobin content of the affected 
normoblasts and erythrocytes In such cells tho visible cytoplasm was often 
reduced to form a tlim rim, or consisted of lrregulnr trabeculae giving an 
appearance of coarse \ acuolation It is of interest to note that similar changes 
in tho hnemoglobm content of coarsely stippled cells were noted by Bell, 
Williams, and Cunningham (1925) in tho peripheral blood of patients given 
organic lead compounds intravenously 

The bone-marrow References in tho literature to stippling in the bone- 
marrow nro scanty, nnd wo bolicvo that tho description given below has not 
previously been recorded Punctate basophilia was invariably present in bone- 
marrow smears Btained with Lcishmnn’s stain both from tho human cases and 
tho experimental animals It was seen, however, only m red cells showing 
evidence of hnemoglobmation, namely, normoblasts of varying degree of ripen- 
ing, and erythrocytes Tho earliest cell showing recognizable stippling was the 
early polychrome normoblast In this cell well-defined basophil granules were 
seen usually m contact with tho nucleus In tho more mature normoblast the 
granules wore present usually tliroughout the cell cytoplasm, although occasion- 
ally stippling was restricted to well-defined granules closely surrounding the 
nucleus Tho size of the individual granules showed considerable variation In 
coarsely stippled normoblasts a constant feature was the appearance of dofectivo 
hnemoglobmation Not infrequently the cell oytoplasm was represented by a 
scanty zone, containing stipples, surrounding the nucleus In other normoblasts 
tho cytoplasm was disposed as a narrow peripheral rim with irregular trabeculae 
orossing the cell, the stipples being visible in the run and trabeculae (Plate 7, 
Figs 3, 4, and 5) In addition to the clearly recognizable stippling just desonbed, 
certain other abnormahties were also seen within the oytoplasm of the red cell 
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precursors In non-haemoglobmated basoplnlio normoblasts a fine granularity 
of the cytoplasm was frequently observed in both the human and animal 
material Occasional cells were also seen which were unusual m that although 
the cytoplasm stained a deep blue, the nuclei were well condensed, resembling 
those of late normoblasts 

In the erythrocytes in the bone-marrow preparations the stippling was in the 
main s imilar to, but coarser than, that seen in the peripheral blood The com- 
monest forms were erythrocytes containing very coarse irregular stipples, 
frequently bar-shaped, and usually linked together by interlacing threads Such 
forms have been described by Brookfield (1928) in the peripheral blood of 
patients given orgaruo lead compounds intravenously Microcytes showing 
stippling were also frequent A laige proportion of stippled erythrocytes in the 
bone-marrow showed the abnormalities m haemoglobmation already described 
(Plate 7, Fig 6) Deeply staining polychrome erythrocytes, which frequently 
contained dense granules, were also a feature 
Large phagocytic cells with pale-sta uun g vesicular nuclei were numerous in 
the guinea-pig bone-marrow smears Within the cytoplasm of these cells 
rounded hlue-stammg masses of varying size occurred, as well as fragments of 
red cells apparently indicative of erythrophagocytosis Similar cells, although 
less frequent, were also seen in the human bone-marrow films The presence of 
these cells in the bone-marrow of gumea-pigs poisoned with lead has already been 
noted by Khma and Seyfried (1937) 

The Ironstaming Properties of Stippling 
The application of the potassium ferrocyamde and hydrochloric acid technique 
to blood and hone-marrow films revealed that a variable proportion of the 
grannies of stippling give a positive reaction for iron This was done by orientat- 
ing individual cellB m Leishman-stamed films, de-stammg, and applying the 
iron Btain In the peripheral blood, in the human cases of lead poisoning, only 
a small proportion of the granules within an individual cell gave the iron 
reaction It was evident, moreover, that not all the stippled cells contained iron- 
positive granules, since comparative counts showed that the number of ery- 
tlirocytes containing iron-positive granules was usually about half the number 
of stippled colls shown by Leishman’s stain In the lead-poisoned guinea-pigs 
tho proportion of iron-positive granules within individual stippled colls in the 
peripheral blood varied widely. In general, it may be stated that the more 
sevoro tho intoxication, and the coarser the granules, the higher was the 
proportion giving on iron reaction An iron reaction was consistently given by 
tho threads joining coarse stipples, and by the coarse grannies in contact with 
tho nuclei in normoblasts in tho peripheral blood of severely poisoned animals 
(Plate 8, Fig S) 

In bone-marrow films iron-positive bodies were found within normoblasts, 
erythrocytes, and phagocytic cells Within tho majority of affected red cells 
these bodies were multiple, but occasionally they were sobtaiy (Plato 7, Fig 6) 
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employed nnd diluted with ft buffer solution of pH 7 2 For the demonstration 
of iron, films wore fixed m formalin vapour nnd treated with equal parts of 2 
por cent potassium ferrocjnmdo and 2 per oent hydrochloric acid m distffled 
water, and counterstaincd with dilute enrbol fuclism 


The Morphological Characters of Stippling 

The peripheral bloo<l The morphology of stippled erythrocytes m the peri- 
pheral blood m human cases of lead poisoning 1ms been the subjectof avolnmin- 
ous literature nnd w ill not be dealt with furt hor hero Although the stippling in 
animals experimentally poisoned with lead has also been described by several 
writers, wo wish to cmplmsizo certain pomts observed by us In guinea-pigs, 
when lightly poisoned, stippling m the peripheral blood was similar to that seen 
m human enses of lend intoxication, but normoblasts wore often seen and many 
of theso showed Bttpphng In moro soverely poisoned animals a constant feature 
was the presence in mail}' of tho stippled cells of largo and scanty granules 
(Plate 8, Fig 7) Frequently theso woro irregular in outhne, and fine threads 
were sometimes seen linking tho individual granules Tins coarse stippling was 
commonly associated with changes in tho haemoglobin content of the affected 
normoblasts nnd erythrocytes In such cells tho visiblo cytoplasm was often 
reduced to form a thin rim, or consisted of irregular trabeculae giving an 
appearance of coarse v acuolation It is of interest to note that similar changes 
m tho hacmoglobm content of conrsoly stippled cells were noted by Bell, 
Williams, nnd Cunningham (1925) in the peripheral blood of patients given 
organic lend compounds intravenously 

The bone-marrow References m tho literature to stipphng in the bone- 
marrow are scanty, nnd wo believe that the description given below has not 
previously been recorded Punctate basopluba was invariably present m bone- 
marrow smears stained with Leislimnn’s stain both from tho human cases and 
tho experimental animals It was seen, however, onl} r m red cells showing 
ovidonco of linemoglobmation, nnmelj , normoblasts of varying degree of ripen- 
ing, and erythrocytes The earliest cell showing recognizable stipphng was the 
earl}’’ polychromo normoblast In this cell well-defined basophil granules were 
seen usually in contact with tho nuoleus In tho more mature normoblast the 
granules wore present usually throughout tho cell cytoplasm, although occasion- 
ally stipphng was restricted to well-defined granules olosely surrounding the 
nucleus The size of the individual granules showed considerable venation In 
coarsoly stippled normoblasts a constant feature was the appearance of defective 
haomoglobmotion Not infrequently the cell cytoplasm was represented by a 
scanty zone, containing stipples, surrounding the nuoleus In other normoblasts 
the oytoplasm was disposed as a narrow penpheral run with irregular trabeculae 
orossmg tho cell, tho stipples being visible m the run and trabeculae (Plate 7, 
Figs 3, 4, and 6) In addition to the dearly recognizable stipphng just described, 
certain other abnormalities were also seen within the oytoplasm of the red cell 
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in peripheral blood~ filfflB ms.de on the ssmo dale It should bo noted that only 
cells contammg discrete basophilio granules were regarded as stippled cells 
The proportion of haemoglobinatmg normoblasts in the bone-marrow showing 
stippling was invariably higher than the proportion of erythrocytes in the 
peripheral blood showing stippling Furthermore, m the bone-marrow the 

Table II 

Guinea-pigs Experimentally Poisoned with Lead Salts 

Incidence of Stippled Cells in Peripheral Blood and Bone-Marrow 
( Leishman’s Stain) 

Peripheral blood Bone marrow 


Guinea- 

Stippled 

Red cells 

Polychrome 

normoblasts, 

percentage 

Erythrocytes, 

percentage 


pig 

cells 

(millions 

showing 

showing 

Remarls 

number 

(per cent ) 

per c mm ) 

sttppling 

stippling 

1 

5 7 

29 

80 

14 

Severely poisoned, pro- 

2 

3 1 

24 

80 

9 

longed dosage 
Severely poisoned, pro- 

3 

47 

3 1 

80 

11 

longed dosage 
Severely poisoned, pro- 

4 

0-2 

40 

40 

1 

longed dosage 

Lightly poisoned 


1 1 

36 

80 

6 

Severely poisoned 

5 

06 

44 

60 

3 

100 mg of lead acetate 

0 

0-2 

4 8 

60 

8 

daily for 6 days 

100 mg of lead nitrate 

7 

0 

6 1 

40 

+ 

daily for 8 days 

22 hours after a single 

8 

0 

6 4 

60 

0-03 

dose of 76 mg of 
lead acetate 

22 hours after a single 

9 

0 

0 

0 

+ 


0 

+ 

9 

60 

0 

+ 

+ 

0 1 

dose of 76 mg of 
lead acetate 

Single dose of 100 mg 
of lead acetate 

4 hours later 

7 hours later 

1 1 hours later 

34 hours later Killed 


‘ + ' = Seen after prolonged search 

frequency of stippled orytlirocytes was significantly higher than m the peripheral 
blood On no occasion were stippled cells seen in the peripheral blood and not 
m the bone-marrow On the contrary, after the disappearance of stippled cells 
from the peripheral blood, 6tippled normoblasts and erythrocytes were still 
found m the bone-marrow It should be noted that m Case 4 (Table I) no stippled 
cells voro scon m the ponphoral blood, although in the bone-marrow approxi- 
mately 3 P cr ccnfc of the haomoglobmatmg normoblasts showed stippling 
Furthermore, in both of tho guinea-pigs given a single dose of 76 mg of lead 
acetate, stippled normoblasts and erythrocytes were seen m bone-marrow 
smears 22 hours later, when no stippled erythrocytes wore seen m peripheral 
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Tho proportion of normoblasts containing iron-positive granules approximated 
closely to the proporl ion of normoblasts show mg stippling m Leishraan stamed 
preparations By orientating individual cells in Lcishman-stained films, de- 
staining, and applying tlio iron stain, it w ns established that it was tho granules 
of stippling v Inch gate this reaction, although within an individual cell the 
proportion v hioh did so w ns variable EmployTng this tcchmquo it was possible 
to show that tlio iron-staining granules were restricted, in tho red cell senes, 
to liaomoglobinating normoblasts and erythrocytes In stippled normoblasts the 
granules m contact with the nuclei consistently stained for iron, whereas only 
a varying proportion of the granules scattered throughout tho coll cytoplasm 
did bo Occasional normoblasts were scon in which tho cytoplasm was almost 
completely replaced by iron-staining material Thcso colls wero apparently the 
sanio ns those already’ described as hn\ mg well-condensed nuclei and cytoplasm 
staining deep bluo with Lcishman’s stain 


Frequency of Stippling in Bone-marrow and Peripheral Blood 
The frequency of stippling in the different types of cell m bone-marrow films 
is sot out in Tables I and II, and is compared w it Ii tlio mcidenco of stippled cells 


Table I 

Human Cases of Lead Poisoning 
Incidence of Stippled Cells in Peripheral Blood and 
(Lcishman's Stain) 


Bone-Marrow 


<5 


J'tnpticrat blood 


Sternal marrow 


3 

Aug 2 5, 
1047 
Sopt 0, 
1047 
Sopt 4, 
1047 


Sopt 12, 
1047 
Dec 22, 

1947 
Jnn 5, 

104S 
Jem 27, 

1948 
Mar 2, 

1948 


j 

h — 

2 5 

g. u 

to S 
09 


0 

0 4 


0 

03 


9- 

o 



c 

- V 

c 

c 

£ § 

V ^ 

^ u 
u 

* ^ 

ee 

t, 

S? 

~ », 

Polychrome 

normoblasts, 

percentage 

i 

§ 

O 

To 

Erythrocytes, 
percentage 
showing stipp 

3 40 

3 1 

42 


2 7 

4 12 

20 

7 


0 00 

4 0 

32 

es 


1 3 

3 9 

2 3 

4 


0 04 

3 81 

3 0 

00 


4 3 

3 04 

42 

3 


0 01 

3 90 

1 2 

0 


0 

4 9 

0-1 

3 


+ 


Bcmarls 

Sjrnptoms of acute 
poisoning 

Symptom! ess 
Symptoms of acute 
poisoning m week 
preceding odmis 
sion 

Symptom! css 
Symptoms of acute 
poisoning 

Symptomless 

Symptomless 
Exposed to lead 

nsk, but symptom 

less 


seen after prolonged search 
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blood (Tnblo U, Nos. 7 nnd S) In a third guinea-pig given 100 mg of lead 
acotat-o stippled cells were dotected in marrow smears sovon hours later, and 
not until .14 hours later, when 00 per cont of the haomoglobuiating normoblasts 
m marroav smears showed stippling, were stippled erytlirocytes found in the 
peripheral blood (Table II, No 0) 


The Effect of Splenectomy in Oumca-pigs Poisoned with Lead 
In now' of tho effect of splenectomy upon the incidence m the penpheral 
blood of tho erythrooyt ic inclusions in the cases of acquired haomolytio anaemia 



Days 

Splenectomized 

Controls 

Fro 1 Tho ofTcot of eplcncctorm upon tho incidoneo of stippled cells in the 
peripheral blood of guinea pigs subsequently poisonod with lead 


described by us (McFadzcan nnd Davis, 1947), it appeared desirable to deter 
mine tho effect of this operation m experimental lead poison mg Observations 
wore made m tho first place on three recently splenectomized guinea-pigs, vM 
three intact guinea-pigs of approximately the same age serving as control 
Before commencing the oypoiiment repeated blood-films were »“™ d “ f 
no stippled cell, were found m any of the gumea-pig. The admimatobonii 
lead carbonate, m daily do.es of 100 mg per kilogram of ™ 

commenced 14 day. after splenectomy The stippled cell oonnts m the pen 
pheral blood of the spleneetemized and control ammall , are depicted m^ 
it nail be seen that in all the spleneotommed.mm.ls there mas a progn®"» 
cbmb m the stippled cells nntd they constituted some 40 per cent of the 
erythrocytes m the peripheral blood In the control animal. the proportion rf 
i'j ^ sigmfieantly lower, the highest figure, being 7 5 1 per cent m 
on^anima], while m the other two the m.mmum mo.dence was 3 5 per oent 
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animals the downward trend in the red cell counts was arrested and a nse 
occurred. In one animal the red cell count rose from 3,550,000 to 4,650,000 per 
c mm in 20 days, and in the remaining two from 3,960,000 and 4,550,000 to 
5,070,000 and 5,100,000 per c mm respectively in 11 days In the last two 
a nim als there was subsequently a fall in the red cell counts, but comcident with 
t.hiR fall the picture was complicated by bleeding from the abdominal wounds, 


Table IV 


The Effect of Splenectomy upon the Bed CeU Counts and upon the 
Incidence of Stippled Cells in the Peripheral Blood of Oumea-Pigs 
given 100 mg of Lead Nitrate by Mouth Daily 


Animal No 1 Animal No 2 Animal No 3 


Days 

after 

Bed cells 

Stippled 

Bed cells 

Stippled 

Bed cells 

Stippled 

starting 

(millions 

cells 

(millions 

cells 

(millions 

cells 

lead 

per o mm ) 

(per cent ) 

per c mm ) 

(per cent ) 

per c mm ) 

(per cent ] 

0 

6 40 

0 

6 91 

0 

6 89 

0 

0 

6 20 

+ 

6 76 

+ 

6 88 

0 

16 

4 90 

0-01 

6 47 

01 

6 76 

0-02 

18 

4 80 

02 

4 98 

0 06 

4 93 

03 

20 

4 10 

06 

4 41 

0 01 

4 47 

09 

23 

3 80 

1 6 

4 73 

03 

3 91 

1 

26 

3 66 

4 

4 66 

03 

3 96 

1 


Splenectomy 

Splenectomy 

Splenectomy 

27 

4 03 

12 

6 19 

16 

4 69 

10 

29 



4 70 

18 

4 46 

12 

32 

4 33 

24 

4 73 

18 

4 61 

16 

34 

4 16 

22 

6 02 

20 

4 44 

24 

30 



6 10 

24 

6 07 

28 

39 

4 42 

30 

604 

34 

4 67 

38 

41 



4 41 

40 

4 04 

40 

43 

4 00 

34 

4 40 

46 

400 

44 

40 

4 06 

39 

4 40 

60 

4 17 

40 

48 

Died 


4 30 

62 

444 

46 




Killed 


Killed 




Control No 1 

Control No 

2 

0 

6 20 

0 

5 08 

0 

C 

6 40 

0 

6 69 

+ 

16 

4 80 

+ 
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18 

4 60 

0-6 

6 74 

0-01 

20 

4 70 

2 

4 68 

0-05 

23 

4 36 

2 6 

4 03 

0-1 

26 

4 34 

3 

4 00 

0 00 

27 

on 

4 36 

4 

4 21 

0-0 
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2 

41 
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300 
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Died 


48 
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nnd 3 per cont On withdrawal of tho lend 45 days after its commencement, 
stippled colls persisted m the peripheral blood of the splencctomized animals 
for periods significantly longer than m the controls Tho mcidcnco of stippling 
in tho bone-marrow is set out in Table III It will bo scon that thero was little 
difToronco between tho mcidcnco of stippled hnomoglobinating normoblasts in 
the splcncctonuzcd nnd tho control groups. In a second experiment six guinea- 


Lead nitrate IQOmfl daily 



pigs of tho samo age were each given a daily dose of 100 mg of lead nitrate 
tliroughout tho oxponment Tw onty-five days later when stippling and anaemia 
had developed, splenectomy was performed on three of the animals the 
remaining three acting as controls Tho stippled cell counts m the peripheral 
blood arc set out m Fig 2 It will bo seen that splenectomy was followed by 
a rapid and progressive increase m tho stippled cells which rose from the pre- 
splenectomy levels of 4, 0 3, and 1 per cent to 39, 52, and 46 per cent respec- 
tively In tho control animals the highest counts recorded were 7 5, 7, and 2 S 
per cent respectively The bone-marrows wore not examined m this experiment 
since it was considered desirable to avoid trauma and loss of blood 

With regard to the effect of splenectomy upon the anaemia, it will be seen 
from Table HI that the control animals developed anaemia while the spleneoto- 
mized animals showed only a sbght reduction m the red cell counts The red 
cell and stippled cell counts m the second experiment are set out in Table IV. 
Coincident with the mcrease in the stippled cells alter splenectomy, m all three 
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granules were seen m normoblasts m the bone-marrow of lead-poisoned guinea- 
pigs irrespective of whether they were splenectomized or not Comparison of 
bone-marrow smears from the splenectomized animals with those from controls 
showed no fundamental difference m respect of the stippling m the normoblasts 
The changes in the red cell senes were similar to those already descnbed, but 
there was an increase m the number of stippled erythrocytes in the spleneoto- 
mized animals, presumably occasioned by admixture with systemic blood in 
which there was a high stippled cell count 

The spleens removed from guinea-pigs which had been poisoned with lead 
were obviously abnormal Splenomegaly was a constant finding Thus, in the 
second experiment descnbed above, the weights of the spleens were respectively 
1 8, 2 0, and 2 6 gm whereas m normal guinea-pigs of about the same age the 
spleen weights ranged from 0 6 to 1 gm On histological examination it was 
apparent that the splenomegaly was due mainly to engorgement of the pulp 
with red cells, although hyperplasia of the reticulum cells was also evident 
Haemosiderosis was a marked and constant feature In sections treated with 
potassium ferrocyamde and hydrochlono acid, iron-stammg matenal was 
abundant It occurred in the form of small granules as well as m larger masses 
In sections stamed with haematoxylm and eosm, eosinophiko cytoplasmic 
inclusions, resembling diminutive eiythrooytes, were seen in many of the endo- 
thebal cells Wo are tempted to regard this as evidence of erythropbagocytosis, 
but, since we find it difficult to interpret this phenomenon with certainty in 
histological sections, we are reluctant to draw any definite conclusions m this 
respect Sections stamed with methylene blue and other stains were searched 
for stippled cells, but none could positively be identified The difficulty in 
recognizing stippling m histological sections is probably the reason why earlier 
investigators failed to find it in the bone-marrow in patients and animals 
poisoned with lead It will be appreciated that the above findings are similar 
to thoso seen in the spleen m haemolytic anaemia in general, and indicate that 
the spleen is concerned with the disposal of the products of erythrocyte destruc- 
tion, if it is not actually a site of their destruction 


Discussion 

Although much has been written concerning the stippling of lead poisoning 
in the peripheral blood, relatively little information is available concerning its 
occurrence m the bone-marrow Key (1024) reported that the bone-marrow of 
rabbits experimentally poisoned with lead revealed no stippling, although large 
numbors of stippled cells were present m tho peripheral blood Ho concluded 
that stippling represented a change in the basophilic substance of tho young 
red cell a Inch took placo after its entry into tho peripheral circulation Bell, 
Williams, and Cunningham (1925) failed to find stippled cells in tho marrow of 
animals dying of lead poisoning More recently, however, the presence of 
stippled cells m tho bone-marrow of man has been reported by Klima and 
Soyfhcd (1937), Henning and Kcilhack (1040), Bentsdth and Varga (1940), 

V l -i . 
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w luoli subsequently broko down, necessitating thou- borng killed In two of the 
control (non-splonootomizcd) animals of this group tlio red cell counts fell 
progressively tliroughout tho period of tho experiment and the levels reached 
wore 2,800,000 and 3,000,000 por o mm whon tho animals died In tho thud 
control tho dogreo of anaemia which dovolopod was slight and the lowest count 
reached was 4,000,000 per o.mm 

Rcticulooyto counts were made in tho first experiment and are sot out in 
Table III In tho splonootonnzed animals tho stippled cells greatly exceeded the 
rcticulooytcs, whorens in tho controls tho reticulocytes were invariably more 
numerous than tho stippled cells 

Splencct-omy w as follow cd not only by an increased frequency of tho stippled 
orythrooytes in the peripheral blood, but also by morphological changes in the 
stippling in man}' of theso cells Although a minority of tho stippled erythro- 
cytes after splcncctomj were indistinguishable from those seen in tho control 
animals which had not been splcncctomizcd, tho majority displayed certain 
features w luoli woro seen onty in tho splencotomizcd animals Tins typo of 
stippbng, which wo bekovo to bo characteristic of splenectomy, presents the 
following appearances ns compared with tho stippbng seen m tho non-spleneoto- 
mwed controls (Plato 8, Fig 0) Tho granules arc smaller, they tend to bo 
aggregated togethor rather than dispersed throughout tho orythrooyto, and they 
aro often seen to bo comiccted bj lino threads In Leishman-stamed films the 
individual granules presont a purplish colour rather than tho bluish-black colour 
seen in tho non-splcncctomizcd animals Although in some erythrocytes tho 
aggregations of stippled granules are composed of large numbers of individual 
granules, in others tho granules may be relatively scanty, but they still display 
tho tendency to aggregation In some erythrocytes tho granules aro distributed 
in a peculiar circular fashion, similar to the perinuclear distribution seen m 
certain normoblasts m tho bono-marrow (Plato 8, Figs 0 and 11) A constant 
and characteristic fcaturo of blood-films m tho splonectomized guinea-pigs is 
that, whon stained with potassium fcrrooyamdo and hydrooblonc acid, the 
great majority of tho granules of stippling give a positivo reaotion for iron, 
whorcas m tho control animals this reaction is given only by a minority of the 
individual granules of stippbng in the ponpheral blood (Plate 8, Fig 10) In 
erythrocytes displaying these features characteristic of splenectomy the oyto- 
plasm usually stains a full pink with Irishman's stain and seldom shows the 
vaouolation or other morphological signs of defective haemoglobination 
Furthermore, when stamed supnmtally with brilliant cresyl bine, such cells do 
not show reticulum It is inferred, therefore, that they represent more mature 
types of cell than the stippled cell seen in the non-splenectomized animal 
Another finding m tho peripheral blood after spleneotomy was the presence 
of erythrooytes containing sohtary granules whioh stamed purplish with 
Irishman’s stain and invariably gave a positive iron reaction Whether these 
sohtary granules are identioal with the granules of stippling is an open question, 
but it should be noted that they were not considered to be such in performing 
the stippled cell counts It is significant, however, that solitary iron-positive 

303 - 4 - 4 -. 
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(McFadzean and Davis, 1947) In that paper we advanced the view that the 
inclusion bodies resulted from defective haemoglobin synthesis The possibility 
therefore arises that the iron-containing stipples of lead poisoning may result 
from a similar defect 

Dustm (1942) has adduced evidence that the granules of stippling m lead 
poisoning contain ribonucleic acid, which is normally present m the cytoplasmic 
basophil substance of imm ature red cells, but not in haemoglobinated cells 
(Thorell, 1944, White, 1947) It seems probable (Brachet, 1942) that the 
nbonucleoprotein particles m the cytoplasm are concerned with protein 
synthesis, presumably including the formation of haemoglobin m the case of 
normoblasts The abnormal occurrence of ribonucleic acid in dose association 
with stamable iron, especially in cells showing defective haemoglobmation, 
therefore suggests some interference with the incorporation of the iron into the 
protoporphyrin nucleus In this connexion it should be noted that Rimington 
(1938) has suggested that lead inhibits haemoglobm synthesis by preventing 
the incorporation of iron into the protoporphyrin nucleus, and Kark and Meikle- 
john (1942) concluded that the stippling of lead poisoning results from faulty 
haemoglobm synthesis causing an accumulation of porphyrin in the erythro- 
cytes On the other hand, Konch, Gillam, and Lane (1942) and Falconer (1942) 
considered that it interferes with the formation of protoporphyrin 

The effects of spleneotomy m guinea-pigs poisoned with lead closely parallel 
those previously observed by us in certain of our cases of acquired haemolytic 
anaemia, namely, a marked increase in the peripheral blood of erythrocytes 
containing iron-positive inclusions, unaccompanied by recognizable changes in 
the frequency or character of the inclusion bodies m the normoblasts of the 
stomal marrow Splenectomy in these cases was also followed by nses in the 
total red cell counts, which could be accounted for by the actual increases in 
the number of erythrocytes containing inclusion bodies These considerations 
caused us to suggest that, in the type of acquired haemolytic anaemia studied 
by ub, the actual cause of the anaemia was the removal of the abnormal erythro- 
cytes from the peripheral blood by the spleen shortly after their entry into the 
circulation, and that the beneficial effect of splenectomy was attributable to the 
cessation of this mechanism Although the number of guinea-pigs subjected to 
splenectomy was small, the effect of this operation was so striking and so 
constant that we consider that it may be accepted as significant The operation 
was invariably followed by a rise m the frequency of stippled cells in the peri- 
pheral blood to a level considerably in excess of that seen m control animals 
Splenectomy was, moreover, without apparent effect upon the incidence or 
character of stippling in the red coll precursors in the bone-marrow 

With regard to the effect of splenectomy upon the red cell counts m the 
gimica-pigs, wo feel that our data, while not conclusive, are suggestive that tho 
operation exerted a similar effect to that observed by us m tho human cases of 
acquired haemolytic anaemia In tho animals that wore splenectomized before 
tho administration of lend tho rise in the stippled cell counts v as accompanied 
by relatively high red cell counts, m contrast with the definite anaemia that 
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and Movitt (1945) Albnlmry (1045), to investigate tho origin of stippled cells, 
gave lead acetate intravenously to human voluntcors and found stippled cells 
in tho marrow before they appeared in tho peripheral blood. Nono of these 
authors give details of tho types of cell m tho marrow displaying the stippling, 
although somo of them refer to stippled normoblasts, and Klima and Scyfhed 
(1937) gave photograplis of bone-marrow smears showing Btippling in nucleated 
red coll precursors 

Wo consider that our own observations provido reasonably good evidence that 
tho phenomenon of stippling m lead poisoning results primarily from the effect 
ovorted by tho lead upon tho red cell precursors in the bono-marrow rather than 
upon tho oiythrocytcs in tho peripheral circulation In support of this conten- 
tion it may bo emphasized that tho frequency in the bono-marrow of normoblasts 
with n ell-marked Btippling was imannbly considerably higher than that of 
stippled erythrocytes m tho peripheral blood. Although a variable proportion 
of erytlirooytes m bono-marrow smears obtained by biopsy is derived from the 
peripheral blood circulating in tho marrow, it should bo noted that tho propor 
tion of stippled crytlirocytes in our bono-marrow preparations was also signifi- 
cantly higher than that in the peripheral blood-lilms Moreover, in guinea-pigs 
receiving a single doso of lead, numorous stippled normoblasts and erythrocytes 
woro scon in tho bone-marrow before stippling was ovident in tho peripheral 
blood 

With regard to tho developmental stages of tho red cell in which stippling 
occurs, it may bo stated that clearly recognizable punctate basophilia is seen in 
pofycliromo normoblnsts at tho stage of early hnomoglobmation, and that the 
stippling apparently develops in intensity ns tho cytoplasm of the normoblast 
undergoes ripening Since stippling when it occurs in oiythrocytcs is invariably 
presont in normoblasts, and in a relatively high proportion of them, it seems 
probable that its early development may bo confined to these cells Nevertheless, 
it must bo admitted that our observations do not justify the rojeotion of the 
possibihtj' that stippling may also occur de novo in non-nucleated red colls 
Reference has boon mado to tho peculiar granular appearance of cytoplasm in 
basoplul normoblasts Whether this is caused by the lead, and whether it is 
related to tho occurrence of stippling, are questions we are at present unable 
to answer 

Tho demonstration of iron m connexion with the stippling of lead poisoning 
does not appear to have previously been recorded, apart from our own probmi 
nniy communication (McFadzean and Davis, 1947) The validity of our belief 
that tho granules revealed by the iron stain ore identical with the basophil 
granules is based upon tho technical considerations already dealt with, and need 
not be considered further here The occurrence of the coarser, iron-positive, 
granules m normoblasts was usually accompanied by the morphological appear- 
ances of defective haemoglobmation already desonbed In this respeot, as well as 
m respect of their morphology, staining reactions, development, and occurrence, 
the granules seen in the stippled cells of lead poisoning closely resemble the 
erythrocytic inclusions desonbed by us m certain acquired haemolytio anaemias 
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(McFadzean and Lavis, 1947) In that paper we advanced the view that the 
inclusion bodies resulted from defective haemoglobm synthesis The possibility 
therefore arises that the iron-containing stipples of lead poisoning may result 
from a similar defect 

Dustin (1942) has adduced evidence that the granules of stippling in lead 
poisoning contain ribonucleic acid, which ib normally present m the cytoplasmic 
basophil substance of immature red cells, but not m haemoglobmated cells 
(Thorell, 1944, White, 1947) It seems probable (Braohet, 1942) that the 
nbonucleoprotein particles in the cytoplasm are concerned with protein 
synthesis, presumably including the formation of haemoglobm in the case of 
normoblasts The abnormal occurrence of ribonucleic acid in close association 
with stainable iron, especially in cells showing defective haemoglobmation, 
therefore suggests some interference with the incorporation of the iron into the 
protoporphyrin nucleus In this connexion it should be noted that Rimington 
(1938) has suggested that lead inhibits haemoglobm synthesis by preventing 
the incorporation of iron into the protoporphyrin nucleus, and Kark and Meikle- 
john (1942) concluded that the stippling of lead poisoning results from faulty 
haemoglobm synthesis causing an accumulation of porphyrin in the erythro- 
cytes On the other hand, Kench, Gillam, and Lane (1942) and Falconer (1942) 
considered that it interferes with the formation of protoporphyrin 
The effects of splenectomy in guinea-pigs poisoned with lead closely parallel 
those previously observed by us m certain of our cases of acquired haemolytic 
anaemia, namely, a marked increase in the peripheral blood of erythrocytes 
containing iron-positive inclusions, unaccompanied by recognizable changes m 
the frequency or character of the inclusion bodies in the normoblasts of the 
sternal marrow Splenectomy m these cases was also followed by nses in the 
total red cell counts, which could be accounted for by the actual inoreases m 
the number of erythrocytes containing inclusion bodies These considerations 
caused ub to suggest that, in the type of acquired haemolytic anaemia studied 
by us, the actual cause of the anaemia was the removal of the abnormal erythro- 
oytes from the peripheral blood by the spleen shortly after their entry into the 
circulation, and that the beneficial effect of splenectomy was attributable to the 
cessation of tins mechanism Although the number of guinea-pigs subjected to 
splenectomy was small, the effect of this operation was so striking and so 
constant that we consider that it may be accepted as significant The operation 
was invariably followed by a rise m the frequency of stippled colls m the peri- 
pheral blood to a level considerably in excess of that seen in control animals 
Sploncctomy was, moreover, without apparent effect upon the incidence or 
character of stippling in the red cell precursors m the bone-marrow. 

With regard to the effect of splenectomy upon the red cell counts m the 
guinea-pigs, we fcol that our data, wlnlo not conclusive, are suggestive that tho 
operation exerted a similar offcct to that observed by us m the human cases of 
acquired hnomolytio anaemia In tho animals that wore splenectomized before 
the administration of lead the rise m tho stippled cell counts was accompanied 
by relatively lugh red cell counts, in contrast with the definite anaemia that 
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dovolopcd in the non-splonoetonnzcd animals rccoiving the same doses of lead 
In tho animals splencctomized nftor tho development of anaemia thore was 
arrest of the downward trend m tho red coll counts, followed by a nso which 
coincided with tho increase in tho stippled colls m tho ponphoral blood Itmnst 
bo admitted that tho interpretation of tlus experiment is obscured by the 
subsequent fall in the red coll counts in two of tho animals despite a continued 
mcrenso in stippled cells Wc believe that this may bo explained by bleeding 
from tho abdominal w ounds, w Inch broke down, but smeo altomativo mechan- 
isms cannot be oxcludcd, our findings obviously need confirmation by repetition 
of tho experiment on a larger scale Tho morphological changes m tho stippled 
cells which accompanied their increased mcidcnco m tho peripheral blood after 
splenectomy may he explained by tho suggestion that this operation results 
in tho persistence m tho circulation of cells that would otherwise have been 
removed by tho spleen, thus allowing changes alnn to maturation to occur, 
namely, tho progrcsnvo di^nppenmncc of iron-freo bnsophihe material and 
reticulum from stippled cells 

Our interpretation of tho findings presented m this communication may be 
summarized ns follows Ono of the toxic effects of lend is oxorted upon the red 
coll precursors in tho bone-marrow , resulting m defective haomoglobination and 
tho persistence of bnsophihe substnneo in n granular form associated with 
demonstrable iron Cells dern ed from theso precursors, after their entry into 
tho circulation, are rapidly tnken up by tho splcon, and presumably 7 also by the 
rcticulo-cndothclml system elsewhere The more grossly 7 defective cells with 
conrso or numorous iron-positive granules aro eliminated from tho circulation 
with greater nudity than colls containing no or few iron-positive granules 
Consequently 7 only tho latter typo of coll is usually seen m tho peripheral blood 
whon tho spleen is intact Tlus mechanism results m a liaomolytio typo of 
anaemia, tho seventy of w luch wall vary with tho intensity and duration of the 
lead poisoning It will bo seen that tins hypothesis would reconcile tho two 
opposing views that ha\ o been advanced concerning the nature of the anaemia 
of lend poisoning Tho belief that tho anaemia is haemolytio in type has gamed 
general acccptanco, but moro recontly tho view that it is dyshaeniopoiotio 
resulting from a fault in haemoglobin synthesis has received support from the 
authors already quoted (Rimington, 1938, Kark and Meiklejolin, 1942, Kenob, 
Gillam, and Lane, 1942, Falconer, 1942) It will be recalled that the histo- 
logical appearances of tho spleens removed from guinea-pigs during lead poison- 
ing were similar to thoso seen in haemolytic anaemia Although there is no 
conclusive evidence that the stippled erythrocytes are actually destroyed w 
the spleen, tho histologcal findings are compatible with this possibility 

If tho hypothesis advanced above concerning the stippling m lead poisoning 
and its relation to the associated anaemia is correct in its broad outline, its 
wider significance will be evident Apart from its bearings upon the haemato- 
logical manifestations m lead poisoning, it may possibly lead to an explanation 
of the aetiological mechanism of the idiopathic acquired haemolytio anaemias 
J 1 inclusion bodies already referred to An obvious 


V 


SIGNIFICANCE OF STIPPLING IN LEAD POISONING 71 

suggestion is that this type of anaemia may result from the action of some toxic 
substance, either endogenous or exogenous in origin, which exerts an effect upon 
the red cell precursors similar to that of lead. 

Summary and Conclusions 

1 The stippling of lead poisoning has been studied in human patients and in 
experimental gumea-pigs 

2 Stippling is readily demonstrable m the bone-marrow, both m erythrocytes 
and in normoblasts of varying stages of haemoglobmation The intensity of 
stippling in the bone-marrow is invariably considerably higher than m the 
peripheral blood 

3 A variable proportion of the granules of stippling give a positive reaction 
for iron This reaction is seen more frequently in the bone-marrow than in the 
peripheral blood, and is often associated with the appearance of defective 
haemoglobmation m the affected cells 

4 In guinea-pigs poisoned with lead, splenectomy results m a very consider- 
able increase in the frequency of stippling m the peripheral blood This is 
accompanied by morphological changes m the stippling m the peripheral blood, 
and in an increased frequency of granules giving a positive iron reaction, but it 
is not associated with apparent changes, either quantitative or qualitative, m 
the stippling in the red cell precursors in the bone-marrow Splenectomy is also 
followed by an amehoration of the anaemia induced by lead poisoning 

5 The significance of these observations is discussed It is suggested that 
lead exerts its haematological effect primarily upon the nucleated red cell 
precursors m the bone-marrow, resulting in defective haemoglobmation con- 
sequent upon a partial fadure m the incorporation of iron into the protoporphy- 
rin nucleus The view is also advanced that the defective erythrocytes produced 
are normally removed from the circulation by the spleen, and probably also by 
the reticulo-endothehal system m general Attention is drawn to the possible 
bearing of this hypothesis upon the pathogenesis of certain idiopathic acquired 
haemolytic anaemias 

We have pleasure in recording our indebtedness to Professors J W S Black- 
lock and G M Wybum for providing facilities in their departments, and to 
Dr L Crombio for sending us patients suffering from lead poisoning Part of 
the expenses incurred were provided by the Bankm Fund of Glasgow University 
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Fia 3 Sternal marrow film from a human case of lead 
poisoning, showing stippling in normoblasts and erythro 
cytcs (Leisliman) 


Flo 4 Bone marrow film from a guinea pig poisoned 
with lead, showing stippling m normoblasts and erythro- 
oytos (Leisliman) 









tin 5 Bone marrow film from a guinea pigpoisonod 
with lead, showing defectno haomoglobination in 
stippled normoblasts and on throevtos (Leisliman) 


Fio C Sternal marrow film From the same case as Fig 3, 
stained with potassium ferrocjanido and li\drochlonc 
acid, showing iron positi\ o granules m normoblasts nnd 
erythrocytes (carbol fuchsm countorstam) 
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i 0 Peripheral l)Ioo<l film from n splciioctomired 
non pig poisoned with lend showing high incidence of 
ntipjiled erythrocytes (Lcislimmi) 
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1 ig 8 I’cnpheml blood film from guinea 
pig jHiitorn il with lend showing iron positive 
gmmili s m n normoblast nnd crvthrocvto (po 
tnssmm fi rroctiinulo nnd htdroelilono ncid, 
i ounterstnined with cnrliol fuclisin) 
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Fio 10 Peripheral blood film from n splenectomu 
guinea pip poisoned with lend, showing iron ponti 
granule* (potassium ferroomnido and hvdrochloi 
nud, counteretained with carbol fuohsin) 


l * 


Fig 1 1 Peripheral blood film from n splonootorruxed guinea 
pig poisoned with lend, showing iron positive granules 
arranged in circular fasluon (potassium ferroc\ anide and 
hjdroohlono ncid, countorstained with carbol fuohsin) 
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REDUCTION IN CORONARY FLOW BY PITUITARY 
(POSTERIOR LOBE) EXTRACT IN RELATION TO 
THE ACTION OF NICOTINE AND TO SMOKING 1 

Br EDITH BttLBRING, J H BURN, asb J M WALKER 
(From the Department of Pharmacology, Oxford) 

Evidence has been published (Bum, Truelove, and Bum, 1946, Walker, 1948) 
that the inhalation of nicotine in cigarette smoke causes the liberation m the 
blood of the antidiuretic hormone of the pituitary lobe The hormones of the 
pituitary posterior lobe have been separated into two fractions by Kamm, 
Aldrich, Grote, Rowe, and Bugbee (1928), which are known as oxytocin and 
vasopressin Vasopressin contains both the principle which causes vasocon- 
striction and also the antidiuretic principle Smce no one has succeeded m 
separating these two principles there is a general belief that they are identical 
If this view is correct then the nicotine in cigarette smoke will liberate a sub- 
stance which has not only an antidiuretio effect, but a vasoconstrictor effect as 
well Even if the antidiuretio hormone is not identical with the vasoconstrictor 
hormone, it remains possible that nicotine causes the liberation of both hormones 
from the posterior lobe If vasoconstriction occurred not only in the systemic 
vessels but m the coronary arteries also, this would affect the heart 

We have therefore earned out experiments m dogs to investigate the action 
of nicotine on the coronary circulation. Though it is generally believed that the 
direct notion of nicotine on the coronary vessels is to dilate them, we were 
anxious to discover if there might be a more prolonged constriction such as 
would follow the liberation of the vasoconstrictor hormone from the pituitary 
body Wo havo also earned out other experiments in the heart-lung preparation 
to determine tlio lowest concentration of postenor lobe extract m the blood 
capable of reduomg the coronary blood-flow It was clearly important not only 
to know if nicotine could cause coronary constriction, but also whether the 
concentration of tho pituitary hormone present in the blood of man as a result 
of smoking was sufficient to produce a measurable effect on coronary blood-flow. 

Melhods 

Experiments were earned out on dogs anaesthetized with chloralose or 
Nembutal, and on heart-lung preparations Tho coronary blood was collected 
by means of a Morawitz cannula inserted into tho coronary sinus, and continuous 
records of flon were obtained cither with Gaddum’s (1929) recorder or with 
recorders recently desenbed by Stephenson (194S) With the latter method 

1 Deceived August 10, 1948 
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changes in flow cnn bo Been instantaneously, whilo with Gaddum’s recorder 
small transient changes may pass unnoticed Stephenson’s method can be 
adapted for a voiy wido range of flows Tlius for tho coronaiy flow a very 
sonsitivo recorder wns used by which slight changes could bo detected On the 
othor hand, a less sensitive recorder was used for tho cardiao output m order to 
produco a record of similar size Fig 1 (a) shows an offect produced by the 
addition of 10 /ig of ndrcnnhno to the reservoir m tho heart-lung preparation 
Tho change m tho top trncing represents an increase from 53 to 65 c c per nun 
m tho coronary' flow Tho middle tracing shows a transitory rncroaso in cardiao 
output from 085 to 730 c c per mm In tho experiments on tho whole dog the 
coronary' blood ilowed tlirough an outflow recorder into a small reservoir, from 
tlus it wns tahen by a pump to another reservoir placed above tho dog so that 
the blood ran back into tho femoral vein Tins upper reservoir was fitted with 
an overflow tubo leading back to the lower rcsorvoir The height of the upper 
reservoir had to bo carefully adjusted to ensure that the amount of blood outside 
tho body romamed ns small ns possible and constant In order to avoid changes 
in arterial hlood-pressuro, which are known to affect coronary flow, a reservoir 
with blood obtained from another dog was connected to a cannula in one 
femoral artery, from which tho blood -pressure w as also recorded The reservoir 
consisted of n 1-htro bottle filled with blood, tho nir above tho blood was 
connected w ith a second 20-htrccontamorfilled with air under constant pressure 
This pressuro wns fixed at tho same height ns tho dog’s arterial blood-pressure 
(Krnycr and Yemoy , 1030) In the heart-lung preparations the coronary blood 
flowed tlirough nn outflow recorder into a reservoir, from winch it was taken by 
a pump into the mam venous reservoir This wns fitted with an overflow tube 
lending back to tho lower reservoir so that tho level of blood m the mam venous 
reservoir remained constant The blood put out by tho heart flowed through the 
resistance into a second flow-recorder and thenco into tho mam venous reservoir 


The Action of Nicotine 

Earlier work on the effect of nicotine on tho coronary artenes appears at first 
sight to be contradictory In experiments on whole animals evidence of con- 
striction lias been obtained Meyer (1912) observed that the large dose of 10 
mg of nicotine diminished tho coronary' flow in curanzed dogs Morawitz and 
Zahn (1914), using tho Morawitz cannula in the cat, concluded that nicotine 
had a constricting action, because although the injection of 5 mg of nicotine 
increased the coronary flow, this increase was less than would have been 
expected from the accompanying rise of blood-pressure On the other hand, 
Mansfeld and Hecht (1933), using Starling’s heart-lung preparation, found that 
when the lungs were inflated with air containing the smoke of cigars and 
cigarettes, there was a large increase in coronaiy flow An infusion of nicotine 
solution into the blood (amount not stated) had the same effect 

We found that the intravenous injection of nicotine into the anaesthetized 
dog had two effects There was first an increase m coronaiy flow rvhioh was still 
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seen when the suprarenal glands were excluded. &om the circulation, and there- 
fore woe not due to a liberation of adrenaline After this increase there was 



Fio 1 Dog heart lung preparation Tho records from abo% o downwards show tbo 
outflow from the coronary sums per nunuto, the cardiac output per minute, and tho arterial 
blood pressure Tho tracings show tho effect on the outflow from tho coronary sinus and 
tho cardiac output of (a) 10 fig of adrenalino and (b) 20 mU of pituitary ( posterior lobe) 
extract added to tho reservoir Note that tho timo signal in (a) marks 10 sec , but m (f>) 
30 eec Tho obscrv ation in (6) was made later in tho oxponmont when tho coronary flow 
was greater, and therefore a less ecnsitrv o recorder was used 

sometimes a prolonged reduction , for example, the injection of 0 2mg of nicotine 
acid tartrate first caused an increase in flow from G9 to 75 c c per mm , and this 
was followed by a reduction to 58 c c per mm In an experiment illustrated m 
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Fig. 2 nicotine acid tartrate was not injected m a single dose, bnt was infused 
into the venous reservoir during a period of 10 minutes, which is the time taken 
for the smoking of a cigarette Thus the nicotine was diluted in the blood before 
it entered the dog The flow first increased from 100 to 107 c c per mm , but as 
soon as the infusion was stopped it fell during the next 20 minutes to 93 c c 
per min After 30 minutes more the flow returned to 99 c c per mm It was 
then possible to match the diminution of flow 
by infusing 60 mU of pituitary (posterior lobe) 
extract into the reservoir during 15 minutes 
The coronary flow began to fall immediately 
and the lowest value was 94 c o per mm six 
minutes after the end of the infusion These 
experiments demonstrated that m the anaes- 
thetized dog, nicotine did in fact cause a re- 
duction m coronary flow in a manner consistent 
with the view that this reduction was due to 
a constriction caused by liberation of the 
pituitary hormone The amount of nicotine 
necessary to produce this reduction of flow 
was large The observations made by one of 
us (J M. W ) have shown that m man an 
amount of nicotine about equal to I mg (base), 
or the smoking of two cigarettes, liberates about 
50 mU of posterior lobe hormone Hence m 
a large dog, about one-fifth of the weight of 
a man, it would he expected that 0 2 mg of 
nicotine (base) would liberate a similar concentration of posterior lobe hormone 
In the experiment Bhown m Fig 2 the amount of nicotine infused was 10 times 
this amount , the experiment was, however, made m the anaesthetized animal, 
and it is probable that the anaesthetic depressed the response of the supra- 
optic nuclous to nicotine 



Fig 3 Dog heart-lung pre- 
paration The record shows the 
outflow from the coronary emus 
per minute, and the diminution 
caused by injection of 6 mTJ of 
pituitary (posterior lobo) extract 
The irregularity at the right of 
the tracing was caused by an 
extrasystolo 


The Action of Pituitary ( Posterior Lobe) Extract 
In five experiments on anaesthetized dogs the threshold dose of pitmtaiy 
(postonor lobo) extract causing a reduction in coronary flow was found to he 
10 to 50 mU For example, in one experiment the intravenous injection of 10 
mU caused a reduction of 12 per cent , in another 50 mU reduced tho flow by 
10 per cent Both effects lasted for about 30 minutes Tins dose of pituitary 
extract is of tho same order as that causing a similar reduction in the heart-lung 
preparation (seo below) 

Heart-lung preparations 

Experiments were earned out in 13 heart-lung preparations Continuous re- 
cords of the coronary flow were obtained m all expenments , mnine expenments 
tho systemic output was recorded continuously in addition The threshold doso 
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of posterior pitiutnry extract causing a reduction in coronary flow was found 
to bo G mU When tins amount was injected into the venous cannula it produced 
a reduction of 2 to 3 per cent in coronary flow Tins may bo considered 
an insignificant change, but it lasted for more than fivo minutes As shown in 
Fig 3 tho effect was immediate, although detectable only with this very 
sensitn e recorder The threshold dose m tho majority of tho experiments was 
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20 mU, causing a reduction in coronary flow from 0 to 25 per cent , though in 
two experiments tho smallest effective dose was as much as 100 mU 

Tho Table shows tho determination of threshold doses in all experiments 
When moro than one injection was made the doses are listed in the order in winon 

they wore given In many experiments larger doses of pitmtaiy extract were also 

giJn, but they have been omitted from the table The systemic output was i not 
affected in nine out of 13 experiments In only two experiments did thei reduc- 
tion in coronary flow lead to a diminution of the minute volume In two other 
experiments the minute volume was actually increased m each case by an 
amount similar to the amount of decrease in coronary flow This mdicates » 
shunting of coronary blood into the systemic circulation The reduction m 
coronary flow could be obtained as readily by injecting the posterior pituitary 
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extract into the venous reservoir as by injecting it directly into the venous 
cannula Fig 1 (6) shows the change in coronary flow caused by adding 20 mU 
of pituitary (posterior lobe) extract to the reservoir 


Discussion 

The observations have been concerned with answering two questions First, 
does nicotine liberate not only the antidiuretic hormone, but also the hormone 
which causes vasoconstriction ? When a small dose of nicotine (equivalent per 
kg of body-weight to the amount absorbed from one or two cigarettes) was 
injected, or a large dose (a total of 2 mg of base) was infused into anaesthe- 
tized dogs, it was found that after a preliminary increase there was a reduction 
in coronary flow This reduction was similar in rate of onset, magnitude, and 
duration to that produced by infusion of posterior lobe extract 
The second question was whether the amount of posterior lobe hormone 
known to be liberated by cigaTette-smokmg is sufficient to cause a reduction 
of coronary flow This pomt was investigated m the dog heart-lung preparation 
in which no anaesthetic was present which might obscure the result In man, 
with a blood volume of 5 litres, the smoking of one or two cigarettes liberates 
amounts of posterior lobe hormone of the order of 50 mU , this is a concentra- 
tion of 10 mU per litre In the dog heart-lung preparations with a circulation 
of 1 htre of blood, it was found that the addition to the reservoir of 5 to 50 
mU caused a reduction m coronary flow of 5 to 25 per cent , which lasted m 
somo experiments as long as 30 minutes 

These results aro thus consistent with the view that smoking, through the 
action of the inhaled nicotine on the supra-optio nucleus, liberates sufficient 
posterior lobo hormone to reduce the coronary blood-flow, and suggest that this 
reduction is likely to bo considerable m sensitive individuals who smoke with 
regularity 


Summary 

1 In the anaesthetized dog nicotine produces not only an initial increase in 
coronary flow duo to its own direct action, but also a succeeding prolonged 
reduction Tlus reduction in coronary flow is similar in rate of onset and 
duration to that produced by posterior lobe extract 

2 In tho heart-lung preparation of the dog (when the amount of blood m the 
circulation was about 1 htro), as well as m the whole animal, the threshold dose 
of pituitary (posterior lobe) extract causing a reduction in coronary flow was 
found to bo 5 to 20 mU This is equivalent to 25 to 100 mU for a man with 
5 litres of blood and is of tho sumo order as the amount of posterior lobo 
hormone liberated in man by smoking one to two cigarettes 

Wc arc very grateful to Mr H W Ling for Ins valuable technical assistance 
Ono of us (J M W ) nas maintained by a personal grant from the Medical 
Research Council 
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MASSIVE DILATATION OF THE LEFT AURICLE 1 

By RAYMOND DALEY aitd RAYMOND FRANKS 
(From tho Cardiac Department, St Thomas’s Hospital, London) 

With Plates 9 to 14 
Introduction 

Probably the first description of massive dilatation of the left auricle in associa- 
tion with mitral valvular disease was by Owen and Fenton m 1901 Since that 
time the condition has become relatively familiar, although only some 30 case 
reports have appeared in the hterature Many of these reports refer to ‘aneu- 
rysmal ’ dilatation, but as the enlargement is in no sense localized, being merely 
an exaggeration of the usual symmetrical left auricular dilatation so common 
in mitral valvular disease, the term ‘massive’ is preferred here. It should be 
added that although the mam body of the auricle is symmetrically dilated, it 
is unusual for the left auricular appendage to be much increased m size and to 
share m the general enlargement There have been very few reports of localized 
aneurysms of the auricular wall and these have been associated with auricular 
infarction, specific artentis, or adjacent pulmonary tuberculous abscess, and are 
not discussed in the present paper Our mam purpose is to describe some of 
the clinical phenomena which accompany massive left auricular dilatation, and 
m particular to analyso those which result from pressure on surrounding struc- 
tures. Tho present study is based on 16 patients who have attended the 
Cardiac Department at St Thomas’s Hospital during the past five years 

General Clinical Features 

Tho diagnosis of massive left auricular dilatation is essentially radiological, 
but there aro a number of features which, when assessed together, should sug- 
gest a correct clinical diagnosis There is usually a history of multiple attacks 
of rheumatic fover or of one severe and prolonged attack This was obtained 
m 1 1 of our patients, and two of tho remainder had had chorea m childhood 
After tho rhoumntic infection, activity had been little restricted by dyspnoea, 
and tho ability of theso pationts to carry out a full day’s work was often remark- 
ablo Parkinson (1930), \\ lien discussing massive loft auricular dilatation, made 
tho following pertinent observations — ‘It possesses cluneal features of grent 
interest, such as tho modern to symptoms winch may accompany a heart bo 
hugely dilated, a clinical contrast with tho patient so ill with a comparable 
ventricular enlargement, ns from hypertension ’ Theso facts arc m keeping with 

1 Received July 24, 1048 
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tlio common laok of pulmonary hyporfconsion. If pulmonary hypertension does 
supervene, tiro cluneal state differs little from that found m tho more usual types 
of mitral valvular disoaso, and progressive dyspnoea is then tho rulo There is 
a groat contrast botweon tho bod-nddon pationt with pulmonary hypertension 
and littlo loft aunoular enlargement, and tho activo patient with small pulmonary 
artonal tnmks and massive left auricular dilatation. 

In the present series of pationts until mossivo loft auricular dilatation, the 
extremities wore cold and tho peripheral artonal pulsation poor The malar 
flush of mitral stenosis was usually nhsont Auncular fibrillation is almost 
universal in tho recorded cases and was prosont in all our adult patients Two 
pationts (Casos 7 and 12), however, roverted spontaneously to normal rhythm 
for short ponods Case 11, a boy of 1 1 yoars, was tho only pationt who, as far as 
is known, lmd nover shown fibrillation Tho jugular vonous pressure, often 6tated 
to bo bttlomisod, v as olovatedm six pationts, and almost to tho angle of tho jaw 
in threo Venous pulsation was of normal amplitudo, a point of importance in 
tho olmical differentiation between a massive loft auriolo and a pericardial 
effusion Other manifestations of cardmo failuro, such as hepatic enlargement, 
dopendont oedonia, liy drothorax, and ascites, wore lato in appearance Visible 
pulsation was present m all cases to tho loft of tho sternum and m five also to 
tho right Right-sided pulsation was folt in tho second to tho fourth intercostal 
spaces and from ono and a half to two inohes from tho right sternal edge 
Dullness to tho right of tho sternum, although frequently found, did not extend 
moro than ono and a half to two inches from tho right stomal border Dullness 
anteriorly oxtonding ns far as tho right axilla has not often been recorded, and 
its rarity is duo to tho fact that tho enlarging loft aunclo lies posteriorly It does 
not como into closo contact with tho right nntonor chest-wall until it becomes 
onorraous An impaired percussion note was almost always present at the right 
lung baso posteriorly and sometimes extended to the right axilla Rarely, an 
impaired note was detected to tho loft of tho spine, but it never extended mom 
than two inches lateral to tho ninth, tenth, and eleventh thoracio spines All 
pationts had early mitral systolic as woll as diastolic murmurs The syBtohc 
murmurs woro loud and harsh In only ono patient was there an apical syst-ohe 
thrill Tho diastolic murmurs woro localized to a small area in the region of the 
apox beat Tho systolic murmurs woro heard not only in the left axilla and left 
scapular area, but also to tho right of the sternum In most oases the heart- 
sounds woro easily audible well to the right of the sternum, and m some even 
out as far os tho right axilla, a point noted several tunes m the previously 
recorded cases 


Special Olmical Features 

Dysphagia Dysphagia is not a common symptom of cardiovascular disease, 
but its occasional occurrence in association with massive dilatation of the left 
aunole is indicated by the papers of Shaw (1924), Rosier and Weiss (1926), 
Bedford (1927), Nichols and Ostrnm (1932), Bishop and Babey (1930), and 
Parsonnet, Bernstein, and Martland (1946) The dysphagia is probably due to 
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angulation, and flattening of the oesophagus over the dilated left auricle Five 
of our patients complained of difficulty in swallowing solid food and two of these 
also complained of difficulty in swallowing liquids One had painful dysphagia, 
but only after swallowing a large bolus, a small bolus merely causing a mild 
choking sensation A surprising feature in two patients was their inability to 
localize the site of the obstruction One pointed to the suprasternal notch and 
the other to the xiphistemum, whereas in all, fluoroscopy after a banum swallow 
showed the obstruction to be a few centimetres below the tracheal bifurcation 
(Plate 9, Fig 1) 

Hoarseness Sohwedel (1946) described a male patient aged 35 years m whom 
massive left aunoular dilatation was associated with hoarseness and a partial 
left recurrent laryngeal nerve palsy One of our patients (Case 12), a woman 
aged 58 years, suffered from intermittent hoarseness for three years, and during 
one of the attacks a complete left recurrent laryngeal nerve palsy was seen by 
laryngoscopy Anatomical considerations make it doubtful whether a massive 
left aunclo ever exerts direct pressure on the left recurrent laryngeal nerve 
On the rare occasions when dilatation spreads to the appendage, direct pressure 
is a possible cause of palsy More likely the palsy is due to pressure either from 
the pulmonary artery or veins This pressure by the pulmonaiy artery may be 
due to its dilatation or to its upward displacement by an enlarged right ventricle 
In our patient there was considerable nght ventricular enlargement 

Erosion of the spine Erosion of the spine by an enlarged left aunole must 
bo a groat ranty and only one record has been found in the literature Ashworth 
and Jones (1946) described the case of a woman aged 38 years who complained 
of intractable pain in the vicinity of the nght scapula and axilla Radiographs 
in the postero-antenor and nght anterior oblique positions failed to Bhow any 
erosion, but at autopsy the bodies of the fifth to the ninth thoracio vertebrae 
wore found to bo eroded by pressure from a massive left auricle The seventh 
thoracic vertebra was the most affected, and all the intervertebral disks were 
spared Erosion was present only on the nght antenor aspect of the spine and 
tho authors mado the suggestion that radiographs in the left antenor obhque 
position might have demonstrated the abnormality m life This procedure was 
earned out in our 15 patients and in one (Case 8) erosion of the seventh, eighth, 
and ninth thoracic vertebrae was seen m the left antenor obhque view, hut not 
in any other now (Plates 9 and 10, Figs 2 and 3). It is interesting that this 
patient had no pam 

Pam Chost pam m pationts with massive left avuncular dilatation has been 
reported by many authors and some of its unusual features discussed by a few 
(Ouon and Fenton, 1001, East, 102G, Bedford, 1927, Cassidy, 1930, Steel, 
1931 , Nichols and Ostrum, 1932, Bishop and Babey, 1930, Parsonnet, Bom- 
stein, and Martland, 1940 , Ashworth and Jones, 1940) In tho present senes of 
15 patients, 10 complained of chest pam Because threo (Cases 2, 7, and 14) 
also had aortic i alvular disease they nro excluded from this discussion Tho 
typo of pam in the remaining seven showed considerable vanation from patient 
to patient and somo vanation m tho individual In general, it u as situated deeply 
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Summary o] 


Case 

Sex 

Age 

{yearn) 

History of rheumatic fever 

Number of Age at first onset oj 
pregnancies cardiac failure {yam} 

1 

Fomalo 

40 

As n child 

0 

33 

o 

Female 

52 

At 25 j oars 

o 

52 

3 

Fomalo 

40 

At 20 nnd 21 jenrs 

3 

37 

4 

Femnlo 

02 

At 20, 41, and 44 jenrs 

1 

55 

5 

Fomalo 

35 

An n child 

Nono 

28 

0 

Femnlo 

02 

At 10 jenrs 

2 

65 

7 

Fomalo 

28 

At 10 jeara 

1 

24 

8 

Fomalo 

57 

Chorea as a child 

1 

42 

0 

Fomalo 

Died at 

None 

O 

28 

10 

Fomalo 

30 

27 

As a child 

Nono 

23 

11 

Male 

11 

Chorea at 7 j cars 


• 

12 

Fomalo 

Died at 

None 

2 

69 

13 

Female 

01 

30 

As a child nnd at 32 jenrs 

1 

30 

14 

Mnlo 

Died at 

Tv o attacks of chorea and 


34 

1G 

Femnlo 

38 

Died at 

ono of rheumatism ns a 
oluld 

At 7, 14, nnd 34 j care 

1 

43 


44 


m tlio nght aido of tho chest nnd radiated to tho right scapula and shoulder, mth 
occasional radiation to tho loft ado of tho chest and left arm At its hoight i 
was desenbod as aching in quality, but when of milder degree was felt as a 
sensation of fullness or oppression In a few instances the pain was phasic, 
several months’ pain being followed by months of freedom, but m tho majority 
it was present almost constantly There was a variety of aggravating factors, 
tho most frequent being exertion There was no possibility of confusion wits 
angina peotons because, although in tho individual patient a similar amount 
of exorcise always caused pam, rest did not bring relief for at least 15 minutes 
In one patient (Case 0), standing for 10 minutes precipitated a severe attack 
of pam and complete relief was not obtained until she had lam down for W 
minutes Another patient (Case 15) frequently developed pam when lying or 
sitting back She found that sitting forward gave relief In Case 3 attacks o 
couglnng as well as exertion, produced pain. In two patients (Cases 1 and 6) 
pain boro no relationship to exertion, but came on for no accountable reason, 
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Case Exstones 

Valvular defect 

Case (clinical diagnosis) Rhythm Special features 

1 Mitral stenosis Auricular Pom m right chest, collapse of right middle 

Mitral incompetence fibrillation lobe 

2 Mitral stenosis Auricular Angina pectons 

Mitral incompetence fibrillation 

Aortio stenosis 

3 Mitral stenosis Auricular Pam m right chest, dysphagia 

Mitral incompetence fibrillation 

4 Jlitral stenosis Auricular Dysphagia 

Mitral incompetence fibrillation 

Aortic incompetence 

6 Mitral stenosis Auricular Pam m right chest 

Mitral incompetence fibrillation 

6 Mitral stenosis Auricular Dysphagia, paminnght chest, blood-pressure 

Mitral incompetence fibrillation 235/130 

7 Jhtrol stenosis Auricular Dysphagia, angina pectons , reverted to nor- 

Mitral incompetence fibrillation mal rhythm for 1 year 

Aortio incompetence 

8 Mitral stenosis Auncular Erosion of thoracio vertebrae 

Mitral incompetence fibrillation 

0 Mitral stenosis Auncular Pam m right chest, narrowing of left mam 

Mitral incompetence fibrillation bronchus 

10 Mitral stenosis Auncular Pam felt deeply in chest, repeated pulmonary 

Mitral incompetence fibnllation emboli, ‘cardiac’ jaundice 

Later tncuspid in- 
competence 

11 Mitral stenosis Regular Elevated loft nipple without scoliosis. 

Mitral incompetence 

Aortic incompetence 

12 Mitral stenosis Auncular Reverted to normal rhythm for a few weeks. 

Mitral incompotonco fibrillation left recurrent laryngeal nerve palsy 

13 Mitral stenosis Auncular 

Mitral incompetence fibnllation 

Aortic incompetence 

14 Mitral stenosis Auncular Pam in nght chest * 

Mitml incompetence fibrillation 

Aortic incompetence 

15 Mitral stenosis Auncular Pam felt deeply in chest and down left arm 

Mitral incompetence fibrillation to elbow, relieved by sitting forward; 

dysphagia 

* At the po3t-mortcm examination, the heart weighed 909 gm and there was a small 
pcncardml effusion Tlio mitral valvo was fibrotic and calcified, and was clearly stonotio 
and incompetent Tho other valves were normal The pencardmm was adherent round 
the onfico of tho great \ eins and the left nuncio had a capaoity of 700 c o For tho following 
histological report wo arc grateful to Dr J Bamforth — ‘There is thickening ofthopen- 
cardium with tho formation of a definite layer of fibrous tissue Tho musclo fibres, which 
are cut transv cruel} , appear smaller tlinn norma! and in some tho nuclei are pj knotic 
Little of the outer clastic Injcr remains The inner clastic lojer is swollen and hynbno 
in appearance Tho connective tissuo on tho inner aspect of tho nuncio is looser than 
nonnnllv occurs and contains 6omo small blood-vessels Tlieso changes mnj bo duo to 
pressure atrophy ’ 

nnd sometimes lasted for hours Thcso unusual types of pain, occurred suffi- 
ciently often to suggest tho presence of a massivo left auncle m patients known 
to lie suffering from mitral valvular disease 
The eauso of the pam remains obscure, but a number of possibilities may be 
considered Spinal erosion by a massive left auncle is always a possible cause 
of chest pain, but our one patient with demonstrable erosion was free from pain 
Erosion is so rare that, ululo existuig as a possible cause, it is most improbable 
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tliftt it over plays nny substantial part in pam production It is inconceivable 
that actiro pericarditis could ho a enuso of pain winch often persists for many 
years Rheumatic arteritis might bo postulated, although it is usually limited 
to tho acute stago of rhoumatio carditis In autopsies of patients dying with 
mnssivo dilatation of tho loft nuncio, whoro thoro has been careful histological 
study (Bramw oil and Duguid, 1028, Bishop and Baboy, 1030), tho sectioned 
coronary vessels havo been reported as normal Tho only exception to this is 
in a caso of Soinans nnd Taussig (1938) m vluch there was found to be a con 
genital anomaly of tho loft circumfiox coronary artery Although tho coronaiy 
artencs may bo anatomically normal, stretching of tho loft auricular wall prob 
ably lends to connidornblo narrowing Furthermore, nny temporary additional 
auncular dilatation, such ns might occur dunng exercise, could increase this 
mechanical factor. Tho resulting disproportion between available blood supply 
and tho motnbolic domands of tho residual auricular musolo may givo nse to 
ischnomic pain 

It is almost impossible to provido proof of such a mechanism, but tests earned 
out in one pntiont (Caso 3) indicate tho part played by ischaemia in this par- 
ticular ins tan co This patient was free from nortio diseaso, hypertension, and 
peripheral arteriosclerosis Her pam was situated deep in tho nght ado of the 
chest nnd w hon sovero spread to tho right shoulder nnd anterior surface of the 
nght arm as far as tho tips of all fingora, but spanng tho thumb It regularly 
stopped her after walking 100 yards on tho lord and was relieved by about 
15 minutes’ rest It had on occasion occurred when she had slipped down in 
bod in her sleep, but otherwuso had never come on at rest When she was given 
tnblots of glyceryl tnmtrnto to chow at tho onset of tho pam, not only was it 
rapidly rohoved, but sho was also nblo to w nlk a furthor 300 or 400 yards before 
it recurred Control tablets, freo from vasodilators, had no such effect She now 
chows four or fivo tnblots of glyceryl tnmfcrato (gr 1/100) a day and is ablo to do 
hor shopping nnd visit friends, activities previously denied to her In order to 
domonstrnto more offoctivoly tho relationship of ischnonun to the production of 
pam sho was aakod to brentho a mixture containing 10 per cent of oxygen and 
00 percent of nitrogen After six minutes typical pam developed Pure oxygen 
was then directed into tho circiut without hor knowledge and tho pam subsided 
in ono minute This experiment was twico repeated with identical results 
Electrocardiograms tahon before tho pam developed and when it was at its 
height showed no change This suggests that ventricular ischaemia is not play- 
ing a predominant part m pam production The presence of aunoular fibrillation 
precluded tbo demonstration of any changes in the aunoular T wave 


Fluoroscopic Appearances 

Angiocardiograplno studies indicate that, with the possible exception of the 
aunoular appendage, the left auncle does not form part of the left cardiac 
border in the postero-antenor view Enlargement initially takes place m a 
postenor direction and the aunole is sometimes seen as a dense circular shadow 
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lying within the cardiac shadow in the postero-antenor view. This posterior 
enlargement is, of course, best seen in the right anterior oblique view and to some 
extent in the left Further enlargement takes place towards the nght and is 
responsible for the so-called 'double contour in the postero-antenor view ThiB 
is due to the supenmposition of the left and nght auncular shadows at the nght 
border of the heart At a later stage the nght border is entirely formed by the 
left aunole An enlarging nght ventncle causes counter-clockwise rotation of 
the heart, as seen from above, and as a result increases the prominence of the 
left aunoular shadow In greater degrees of dilatation, upward enlargement 
occurs and is responsible for the upward displacement of the mam bronohi 
Finally, only when grossly enlarged does the left aunole encroach on the left 
cardiac border A massive left auncle never reaches the left axilla, whereas 
it is occasionally in contact with the nght 

Usually, left auncular enlargement displaces the banum-filled oesophagus 
postenorly, the displacement being well seen in both obhque views With mild 
degrees of enlargement, fluoroscopy in the postero-antenor view shows the 
oesophagus in the middle part of its course to be vertical or to have a normal 
slight deviation to the nght Increasing enlargement of the left auncle accen- 
tuates the backward oesophageal displacement seen m the obhque views, and 
at the same time deviation to the nght m the postero-antenor view becomes 
more marked The latter exaggeration of the normal right-sided deviation may 
be assisted by enlargement of the nght ventncle causing counter-olookwise 
rotation of the heart Rarely, the oesophagus is deviated to the left rather than 
to the nght (Rosier and Weiss, 1925 , Schwedel, 1946) It is apparent that if 
this is so the oesophagus cannot bo a guide to left auncular size in the obliquo 
views, since the aunclo enlarges postenorly and to the nght Three of our 
pationts (Cases 3, 4, and 6) had displacement of the oesophagus to the left 
Two of thorn had mitral valvular disease only, and the third mitral and aortio 
disease. As age advances ‘uncoiling’ of the aorta due to atherosclerosis is com- 
mon, and it is probable that the adhesions normally present between the oeso- 
phagus and aorta are strong enough to drag the oesophagus to follow the course 
of the aorta It was noteworthy that in these three cases the oesophagus 
followed a descending aorta which was displaced to the left (Plato 10, Fig 4) 

Enlargement of tho nght vontnelo was found in all cases and was best seen 
m tho loft antenor obhque viow Fluoroscopy in this position revealed that m 
all pationts there was also some enlargement of tho left ventncle This was to 
bo oxpoctcd m those who had aortic as well as mitral valvular disease, but m 
those without aortic disease it was almost certainly the result of mitral m- 
conipctcnce Paradoxical filling of tho loft aunclo during ventricular systolo 
was not scon and it was our cxpenenco that the size of tho aunclo was m inverse 
proportion to its degree of pulsation Really massi\ o loft auncles wore virtually 
still throughout the cardiac cyclo, and paradoxical filling was seen only in 
relatively small auricles 

Pressure effect on (he bronchi In 1838 King described the post-mortem 
appearances of flattening of the left mam bronchus m a patient dying from mitral 
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stenosis In 1889 Taylor described a similar nppoaranco m a boy aged 16 yeara, 
and m tins instance the nntero-postonor compression was of sufficient degree 
to load to collapso of tho loft lower lobe Other examples of similar post-mortem 
findings occur in tho early literature, but bronchial distortion and compression 
uoro not accurately diagnosed m lifo imtil Gfibortm 1924, using high-penetra- 
tion X-rays, demonstrated marlccd widening of tho cannal angle in some cases 
of mitral stenosis. Ho was tho first to stress that tlus widening was largely duo 
to olovntion of tho loft mam bronchus, a point generally but not necessarily 
always truo, bocauso whon loft auricular dilatation becomes really masavo the 
right mam bronchus may also bo raised, and tho two bronchi como to he m 
almost a straight lmo, as m Cassidy’s (1930) caso In 1928 Steele and Paterson, 
using six-foot postoro-nntonor radiographs, attempted to mako actual measure- 
ments of tho nnglo between tho main bronolu (tho bronchial angle) They found 
t lintm normal subjects tho anglo % aned from 40° to 70°, or oven more Schwedel 
(1910) also measured tho bronchial anglo in tho left nntonor oblique now with 
subjocts turned 45° to tho X-ray scrcon and conoludod that the maximal angle 
for vortical hearts was 22°, and for horizontal hoarts 45° Ho stated that an 
enlarging loft nunolo froquontly causes olovation (Plate 11, Fig 6) and some- 
times posterior displacement (Plato 11, Fig 0) of tho loft main bronchus, but 
actual bronclual compression ho bohovod to bo a rnnty oxcopt m childhood 
Mnssivo loft nuncios, theroforo, rarely giro riso to lobar collapso, but bronchiee- 
tatia changes distal to partially ocoludod bronchi nro common, and occasionally 
small areas of scgmontnl collapso dorolop ns a result of nunoulnr pressure on 
tormina] bronchi 

Following on tho work of Steelo (1928) bpiodol bronchograms were earned 
out on 12 of our pationts In all thoro was marked widening of the bronchial 
anglo, tho greatest recorded being 120° m both postoro-nntonor and left antenor 
obbquo "snows Elovation of tho loft mam bronchus occurred either at its point 
of ongin or within three contimotrcs of tho cannn Elovation of the right mam 
bronchus was scon m patients with veiy largo auncles, but tlus bronohus did 
not nngulato so acutely as tho left, and desenbed a more gentle curve extending 
almost to tho ongin of tho nght upper lobo bronchus (Plate 12, Fig 7) In only 
on o pationt (Caso 9) was actual compression of the loft mam bronchus easily 
domonstrnblo in tho postoro-antonor mew (Plate 12, Fig 8), but it was not of 
sufficient degree to causo pulmonary collapse Compression of tho nght middle 
lobo bronchus in nnothor pationt (Case 1) provided one of the most unusual 
radiographic appearances of tho senes In the postero -antenor view a large 
oval shadow was seen lying horizontally in the chest, the nght extremity run 
mng out to a Bharp point (Plate 13, Fig 0) Further examination in the lordotao 
position translated this pomt into the apex of a collapsed middle lobe extending 
laterally from the nght border of a massive left aunole (Plate 13, Fig 10) 
Bronchograms confirmed the obstruction of the nght middle-lobe bronchus 
almost at its pomt of ongin, and showed upward and backward displacement 
ofthe nght mom bronchus (Plate 14, Figs 11 and 12) In order to shed further 
light on the mechanism of the obstruction, bronchoscopy was earned out by 



89 


MASSIVE dilatation of the left auricle 

Mr W A Mill, who reported — * Thecanna was very broad and pulsated strongly , 
this was transmitted pulsation The right mam bronchus passed sharply to the 
right and downwards and it was difficult to get a clear view down it The right 
upper lobe bronchus was normal The right middle lobe bronchus was blocked 
by the apposition of its walls because of a swelling to its left , this swelling was 
continuous with that seen m the broadened carrna Frothy mucus, without 
movement, was lying in the middle lobe bronchus The walls of the bronchi 
were not infiltrated and moved on respiration.’ It is probable that the bronchus 
was displaced so far backwards and to the right by the left aunole that the 
resulting flattening and angulation were sufficient to lead to its obstruction 
In common with many cases previously described, the majority of our cases 
had abnormal physical signs at the right lung base Breath sounds were 
diminished or absent and the percussion note frequently impaired In Case 3, 
so closely did tho physical signs mimio those of pleural effusion that an enthu- 
siastic diagnostician attempted aspiration , unlike a similar incident described 
by Owen and Fenton (1901), the attempt was unsuccessful, and on the following 
day fluoroscopy revealed a massive left auricle In summary, massive left 
aunoular dilatation may cause complete or incomplete bronchial obstruction, 
loading to either complete or partial lobar collapse or bronchieotatic change 
The auricle itself may so approximate to the chest-wall that the resultant 
physical signs are confused wnth pleural or pulmonary disease 


Aetiology 

Massive dilatation of tho left auricle is more common m female than in male 
patients, a distribution conforming to that of mitral valvular disease In our 
small group of 15 cases thero were only three male patients The time-interval 
from tho original infection to tho full development of a massive left auncle vanes 
enormously Tho longest interval cannot be assessed from the present senes, 
but some indication of tho shortest interval can be derived from Case 11, a boy 
of 11 years, who had lus first attack of chorea aged 7 years, and in three 
joars de\ eloped a very largo loft auncle The exact mechanism of production 
of mnssivo loft auncular dilatation is unknown and only speculation is possible 
As has been stressed, a history of severe or recurrent attacks of acute rheumatism 
is vory common It is behoved that tho nature of tho residual lesion or lesions 
is to somo extent conditioned by tho site of tho mam brunt of the infection m 
tho heart Smco tho rheumatic process affects tho entire heart-wall it is probable 
that, tho chambers wlioro tho overlying pencardium is adherent were involved 
in the ongmnl infection, and in all recorded autopsies tho pencardium has been 
cither universally or partially adherent over tho left auncle Also myocardial 
fibrosis is always very marked m tho left auncular wall, disappearance of tho 
muscle being almost complete We believe that this destruction of tho normal 
tissuo of the left auricular w all is the pnmary cause of weakness and consequent 
lo^s of elasticity In all our cases, and m every recorded case studied, loud mitral 
sy stohe murmurs liavo been present In the mnjonty of tho recorded autopsies, 
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and m otir patient who was examined post mortem (Caso 14), mitral stenosis and 
incompetence wore demonstrated, but in a minority there was mitral in 
competence only. Tho loft auricular pressuro is always raised in mitral stenosm 
and tho addition of mitral incompotonco is likely to raiso t his pressure even 
farther Tho burden thrown on tho loft nunoulnr wall is theroforo considerable, 
and tho suddon mcrcaso m intra-auncular pressuro occurring during each 
vonlncular systolo is probably tho mam causo of gross dilatation With this 
distension it is possiblo that rolntivo ischaemia of tho residual muscle fibres, 
a theory which was postulated in tho discussion on tho causation of pam, may 
play a secondary role by causing further destruction of musclo and replacement 
by fibrous tissue 


Summary 

1. Fiftcon cases of massivo loft auricular dilatation associated with mitral 
valvular disease nro described / 

2 Tho condition is characterized clinically by tho Into onset of exertional 
dyspnoea and peripheral oedema, tho almost invariable presence of auricular 
fibrillation, and tho frequent finding of pulsation and unpaired percussion note 
to tho right of tho sternum Impairment of percussion note and diminished 
breath-sounds posteriorly, oxtondmg from tho dorsal spine to tho right axilla, 
have caused diagnostic confusion with ploural effusion Clinical mitral in- 
compotonco ns well ns stenosis was present m all our patients and often the 
heart-sounds none hoard in tho right axilla 

3 Dy splmgia w ns present in five patients and is behoved to be due to angula- 
tion and flattening of tho oesophagus by tho dilated loft auricle Hoarseness 
occurring in ono patient was shown to bo tho result of a loft recurrent laryngeal 
norvo palsy, but pressure from upwardly displaced pulmonary vessels, rather 
than direct pressuro from a massivo loft aunolo, was probably the causo Erosion 
of fchospinofrom a massn o left nuncio was demonstrated m a loft anterior obliquo 
radiograph in ono patient Pain of an aclung character, deoply situated in the 
chest and ofton precipitated by o.xerciso, was a complaint of seven patients, who 
had no complicating aortic valvular disease Evidence has been provided that 
tins pam, at loast in ono pationt, was due to loft auricular ischaemia 

4 A massivo loft aunolo usually displaces the oesophagus to the ngbt and 
postenorly, but in three patients tho oesophagus closely followed tho course o 
tho descending aorta and donated to tho left In the latter oroumstances the 
donation of tho oesophagus does not serve as a guide to the size of the left 
auncle 

5 Bronchography has been employed to demonstrate upward and posterior 
displacement mainly of tho loft but also of the right main bronchus by a massive 
left auncle Compression of tho left mam bronchus was present m one patient 
In another, the nght middle lobe bronohus was so distorted by a massive left 
auncle that it became occluded, with consequent middle-lobe collapse 

6 The aetiology is obscure, but there is emdence that the mam brunt of 
the initial rheumatio infection is borne by the anncle The presence of mitral 
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valvular disease, especially incompetence, leads to increased pressure in the left 
auricle and consequent stretching of an already fibrotic auricular wall 

Our thanks are due to Dr Evan Jones for valuable advice, and to Drs J. W 
McLaren, JOY Cole, and H A R Hamilton of the X-ray Department of 
St Thomas’s Hospital 
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and m our patient who was examined post modem (Case 14), mitral stenosis and 
incompotonco were demonstrated, hut in a minority there was mitral in- 
competence only. TJio left auncuinr pressure is always raised in mitral stenosis 
and the addition of mitral incompotonco is likoly to raiso this pressure even 
farther Tho burdon thrown on the loft auricular wall is thcroforo considerable, 
and tho sudden incrcnso m lntra-auncular pressure occurring during each 
ventricular sy stole is probably tho mam cause of gross dilatation With this 
distension it is possiblo that rolativo ischaemia of tho residual musclo fibres, 
a theory which was postulated in tho discussion on tho causation of pain, may 
play a secondary rolo bj causing further destruction of musclo and replacement 
by fibrous tissuo. 


Summary 

2. Fiftcon eases of mnssho loft auricular dilatation associated with mitral 
valvular disoaso are described < 

2 Tlio condition is characterized clinically by tho lato onset of exertional 
dyspnoea an d penphoral oedema, tho ahnost mvnnablo presence of auncular 
fibrillation, and tho frequent finding of pulsation and impaired percussion note 
to tho right of tho sternum Impairment of percussion note and diminished 
breath-sounds posteriorly, extending from tho dorsal spmo to the right axilla, 
have caused diagnostic confusion with pleural effusion Clinical mitral in- 
competence ns well as stenosis was present m all our patients and often the 
heart-sounds were heard m tho nght axilla 

3 Dysphngia w as presont in five pntionts and is behoved to bo due to angola 
tion and flattening of tho oesophagus by tho dilated loft auricle Hoarseness 
occurring in ono patient was shown to be tho result of a left recurrent laiyngeal 
nerve palsy, but pressure from upwardly displaced pulmonary vessels, rather 
than direct pressuro from a massivo left nuncio, was probably the cause Erosion 
of tho spmo from a massive loft nuncio was demonstrated in a loft anterior oblique 
radiograph in ono patient Pain of an aching character, deoply situated m the 
chest and often precipitated by oxerciso, was a complaint of sovon patients, who 
bad no complicating aortic valvular disease Evidence has been provided that 
this pnm, at least m ono patient, w as due to left auncular ischaemia 

4 A massivo loft aunole usually displaces the oesophagus to tho nght and 
postonorly, but m three patients tho oesophagus olosely followed the course of 
tho descending aorta and deviated to the loft In the latter circumstances the 
donation of tho oesophagus does not serve as a guide to the size of the left 
aunclo 

5 Bronchography has been employed to demonstrate upward and posterior 
displacement mainly of the left but also of the nght mam bronchus by a massive 
left auncle Compression of tho left mam bronchus was present in one patient 
In another, the nght middle lobe bronchus was so distorted by a massive left 
aunole that it became occluded, with consequent middle-lobe collapse 

6 The aetiology is obsonre, but there is evidence that the mam brunt of 
the initial rheumatio infection is borne by the auncle The presence of mitral 
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PRI MAR Y OPTIC ATROPHY IN VON RECKLINGHAUSEN’S 
DISEASE (MULTIPLE NEUROFIBROMATOSIS ) 1 

By E DRESNER and DAD MONTGOMERY 
(From the Department of Medicine, Postgraduate Medical School of London) 

With Plates 16 and 16 

The association of primary optao atrophy with von Recklinghausen’s disease 
(multiple neurofibromatosis) is a rare occurrence, which cannot be regarded as 
fortuitous, as a sufficient number of cases of the two conditions manifest in the 
same individual have now been reported to prevent any doubt as to their con- 
nexion The cause of the optic atrophy has been ascribed to ' neurofibromatosis ’ 
of the optic nerves (Van der Hoeve, 1926 , Mayer, 1937 , Fuchs, 1937), but Gold- 
mann (1893) first demonstrated the relation between von Recklinghausen’s 
disease and glial tumour of the optic chiasm and nerves Smce then, a number 
of cases of the syndrome have been recorded Davis (1940), in a survey of the 
literature, collected 32 cases, and to these added five of his own, in which detailed 
observations wore made of the clinical features and pathology. He showed that 
tho eye condition is duo to a primary tumour of the optic chiasm or of one or 
both nerves, and that in those cases subjected to critical histological scrutiny 
tho tumour was alwayB a gboma We have found records smce that date of 
a further runo cases, details of which are given m the Table Amongst these are 
threo cases, all m young children, reported by Davis in the discussion following 
a paper by Gomes (1941) on optic-nerve ghomas, which are additional to those 
reported m Ins 1940 paper cited above Tho first of these was that of Rand, 
Irvine, and Reovcs (1939), reported merely as a case of optic-nerve ghoma The 
pationt v as subsequently examined by Davis, who was able to demonstrate in 
addition coffec-colourcd patches in tho skin typical of von Recklinghausen’s 
disease, and overlooked in tho original report The second case was hitherto 
unreported, but tho third had been reported by Tanner and Hertzog (1940) ns 
a caso of fibrosarcoma of tho optic norvo Thoro was a strong famdial history 
of von Reckluighauson’s disease, including two siblings, but no evidence of 
tlus m tho pationt Dans mado extensn e histological studies of the tumour 
removed, and shoved it to lie a fairly advanced ghoma Bnnton’s (1937) caso 
is not included m Davis’s (1940) survey Wo havo recently studied threo non 
cases of primary optic atrophy occurring in subjects with von Recklinghausen's 
disease, two of which were in identical twins, a lutherto-unreeorded occurrence 
In the third caso the clinical diagnosis of primary optic nerve ghoma vas con- 
firmed at autopsj 
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all respects The mother, aged 45 years, and one maternal uncle showed well- 
marked signs of von Recklinghausen’s disease, with multiple cutaneous tumours 
and s kin pigmentation Both, however, had excellent vision and normal fundi 
The maternal grandfather died at the age of 65 years from an unknown cause, 
but was reported to have been ‘ covered with tumours ’ all his life All other rela- 
tives, as far as can be ascertained, on both the paternal and maternal sides 
were normal as regards their eyesight and skm condition 

Case 3, a man aged 28 years, complained of lifelong headaches, cough with 
sputum for 12 years, effort-dyspnoea for two years, and swelling of the ankles 
for one month At the age of 12 years, it had been discovered that he was blind 
m the left eye He had had, m addition, a chrome productive cough for many 
years Examination showed him to be dyspnoeic, orthopnoeio, and blue, with 
gross deformity of the chest due to kyphoscoliosis The jugular venous pressure 
was raised and the hver enlarged. The heart was enlarged, with a displaced 
apex-beat The lungs were emphysematous, with basal rales The skm of his 
chest was covered with fibromas of varying size, typical of von Recklinghausen’s 
disease There was no exophthalmos or ophthalmoplegia There was no vision 
in the left eye, and the fundus showed optic atrophy with no other lesion in 
fundus or media He was treated with digitalis and mercurial diuretics, but 
died nrno days after admission to hospital The ante-mortem diagnosis was 
von Recklinghausen's disease and cor pulmonale with congestive failure, due 
to severe kyphoscoliosis and chrome bronchitis 
At autopsy tho cause of death was established as pulmonary heart disease 
duo to advanced kyphoscoliosis with severe reduction of available bulk of the 
chest-cavity The lungs were collapsed, congested, and emphysematous, and 
the abdominal viscera showed ohromo venous congestion The heart weighed 
480 gm It was enlarged, with considerable right ventricular hypertrophy, but 
without valvular lesion or deformity In addition, there was a tumour of the 
pro-chiasmal portion of the left optic nerve whioh had not extended through or 
enlarged tho optic foramen The right optic nerve and the rest of the central 
nervous system was normal The loft optic nerve showed a fusiform swelling 
just distal to tho cluasm On transverse section, the outer part was pale white 
and ocdomntouB, and the central part yellowish Microscopically, an enlarged 
nerve stem was scon to bo surrounded by a thick mass of tumour which was 
covered by dense fibrous layers of dura (Plate 1G, Pig 3) The section could be 
roughh divided into five zones, tho central area consisting of tho enlarged nerve 
stem The arrangement of the bundles of nerve fibres was preserved, although 
tho fibres thomsolves were largely atrophio (Plato 16, Pig 4) The connective- 
tissue soptu were much thickened by fibrous tissue, but normally arranged 
There was a great increase of ghal cells with accentuation of tho glial framework. 
This glial proliferation extended outwards and largely replaced tho pial sheath, 
which was recognizable only m a few places whore it formed tho second layer. 
Tho third zone included tho main mass of tho tumour which occupied tho sub- 
arachnoid space and was covered by a narrow layer of hyperplastic arachnoid 
cells Outsido this again was tho dura, greatly tlnckcned by denso fibrous tissue. 
Betw ecn tho tw o outer zones w ere a few roughly spherical areas of calcification 
The tumour mass appeared to hav o risen from tho ghal cells witlun tho nerve 
and to hav o m\ nded tho pia and extended into the subarachnoid space 
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Case Reports 

Case 1, n girl aged 13 years, hnd had failing vision m both eyes mnee the ara 
of 4 years, of a steadily progressive nature, nnd raoro marked m tho right eye 
than in the left When first scon, thoro was no usofid vision in the right eye, 
nnd sight m tho left vns poor Hor slan showed lesions chanictenstio of von 
Rookhnglmuscn’s disease (Plate 15, Fig 1), Scattered ovor tho nook and trank 
■uoro numorous pigmented patches of tho v oil-known cafi-au-lail colonr The 
largor spots hnd an ov al shnpo, and tended to ho in the lines of skin cleavage 
In nddition, sho hnd many fibromas (mollusca fibrosa), mainly confined to the 
trunk, but a fov were found on tho arms, nnd ono on the chin Inquiry from the 
girl’s mother revealed that the pigmentation, which was not present at birth, 
lmd first been noted at tho ago of 4 years, although tho subcutaneous nodules 
n ere of moro recent origin In addition, the girl lmd a concomitant convergent 
strabismus, with full rnngo of movements m each oyo There was no eioph 
thnlmos or ptosis. Ophthalmoscopic examination revealed advanced optic 
atrophy of tho right disk, which shoved tho typical pallor and clean-cut edges 
of primary atrophy The vessels were normal, nnd no other changes in the fundus 
or media could bo detected Vision in this oy o was reduced to hand movements 
only Tho left optic disk was also ntrophic, but not to bucIi an advanced degree 
as tho right, nnd vision m this oyo could bo corrected with glasses to 6/12 
Pcnmotry was unsuccessful for tho nght field, but whilst tho left visual field 
was normal in shnpo, it shoved a concontno constriction of moderate degree. 
Full ncurologicnl examination rovcaled nothing of note, and hearing was nn 
impaired. Examination of tho other systems also showed no abnormalities. 
Lumbar puncturo demonstrated a cerebrospinal fluid that was normal in all 
respects, nnd tho Wnsscrmnnn reaction was negntivo in blood and cerebrospmal 
fluid Radiographs of tho skull shoved no nbnormnhty Tho deformity of the 
sella nnd optio foramina described by Cuslung (1930) was absent Radiographs 
of tho spino, long bones, nnd chest v cro normal, nnd histological study of a biopsy 
specimen of ono of tho skin tumours confirmed tho clinical diagnosis of multiple 
neurofibromatosis A diagnosis of von Rcckhngkauson’s disenso with glioma 
of tho lntrncmnml portion of tho optic nerves nnd chiasm was made 

Case 2, tho twin-sibling of Case 1, was also examined This girl was in an 
institution for tho blind on account of her defective vision, which had gradually 
deteriorated sinco tho ago of 4 years, tho same ago as her sister’s vision com 
monced to fail Tho tv ins were uniovular, tho presence of a single placenta being 
recorded at birth Tho physical resomblanco between tho sisters was stnkmg, 
although tho second patient to bo described was more obese than her sister 

On examination, tho skin-changes noted in Case 2 were almost identical with 
tboso of hor sister (Plato 15, Fig 2), and although slightly less advanced, the 
pigmented patches and fibromata were m general of the same ebaraoter ana 
distribution Vision was practically lost in each eye, and the fundi showed 
bdatoral primary optic atrophy of an advanced degree There were no other 
abnormal changes m fundi or media Ooular movements were full, and there 
was no proptosis or ptosis Cluneal examination was otherwise negative, as 
also was full radiological investigation The blood Wassermann reaction was 
negative Lumbar puncture was not performed Mentally, the patient was alert, 
mtelbgent, and as co-operative as her sister Perimetry was not possible in this 
case owing to the defective vision A diagnosis of von Recklinghausen’s disease 
with ghoma of the chiasm was made, as in Case 1 

Other members of the family were examined and the following details ob- 
tained There were two other siblings, girls aged 1 7 and 1 9 years, both normal in 
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fibromatosis -were found by Davis only after careful re-exammation of tbe 
patient Tho skin lesions of von Recklinghausen’s disease have been classified 
by Weber (1909), pigmentation being the commonest feature This may be 
minimal, and may be tbe only manifestation of the disease, but pigmented spots 
of tho cafe-au-Iail variety are as much an indication of this disease as is the 
nourofibromatous nodule itself (Thannhauser, 1944) The importance of the 
associated cutaneous signs of neurofibromatosis in making the diagnosis of 
optic-nerve ghoma more certain has been stressed by Jefferson (1940) and 
Brown (1938) Conversely, Gomes (1941) agreed with Davis (1940) in believing 
that m the absence of cutaneous signs, optic-nerve tumour may bo tbe sole 
manifestation of von Recklinghausen's disease 
Radxography of the skull shows, in advanced cases of chiasmal ghoma, appa- 
rent extension of the sella under the anterior chnoids from distension of the 
optic foramina (Martin and Cushing, 1923) Direct views of the foramina may 
show them to be enlarged if the tumour extends forward to involve them An 
enlarged optic foramen associated with a ghoma of the intra-orbital part of 
the nerve indicates backward extension of the growth into the cranial cavity 
However, an intact foramen m these cases does not preclude such backward 
extension, since cases of this nature have been described (Rand, Irvine, and 
Reoves, 1939) Occasionally, optic atrophy is due to a diffuse gliosis or early 
tumour formation, and m theso cases associated radiological signs are absent 
For oxamplo, Bailey and Herrmann (1938) recorded a patient with failing vision 
and multiple tumours of the peripheral nerves When first seen, the optic 
disks wore normal, bub a diagnosis of ghoma of the optic chiasm was made on 
clinical grounds Later, pallor of the optic disks appeared, and at subsequent 
autopsy, a tumour of the chiasm was demonstrated Histologically, tho optic 
nervos showed a dense gliosis, whilst the tumour of the chiasm was a spongio- 
blastoma Similarly, in our first two cases, no radiological signs could bo found 
to account for tho advanced optic atrophy and visual defects. Wo boliovo that 
tlicso patients have a ghoma of the optic chiasm and adjacent nerves which 
has not yot readied a sufficient size to produce definite radiological changes 
In tho fifth caso in Davis’s (1940) senes, a similar p re -operative diagnosis of 
chiasmal gliomatosis was made on tho physical signs and slight radiographic 
changes TIus probably represents a slightly more advanced stago than that 
found m our coses It should bo noted that Davis’s patient was aged 26 years 
when seen, and it is conceivable that radiographs taken at tho ago of 13 years 
might Imvo been normal. 


Dxagnosxe 

Tho recognition of tlus syndrome of optic-nerve tumour in von Reckling- 
hausen's disease may bo difficult but, m general, tho signs and symptoms 
present certain features which, vlicn taken in conjunction with the cutaneous 
lesions and X-raj studies of tho skull, help to establish the diagnosis with 
reasonable certainty m most eases When the tumour is intra-orbital, the dia- 
gnosis presents nodiHicuHies Tho slowly progressive proptosis and visual failure, 
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Analysts of the Clinical Features 

Sex incidence Of tho 40 recorded cases, including tho present three, 18 were 
in innlo nnd 30 in fomnlo patients, and in ono case tho eox was not recorded. 
There appears, thoroforo, to he a prepondomneo m tho femalo sex 
Arje As tho presenting nnd often tho only symptom is progressive loss of 
vision commonly starting m childhood, tho commencement of visual failure is 
tho only clinically recognizable onsot of tho syndroroo This vanes in there- 
corded instances from tn o > cars in Aegcrtor nnd Smith’s (1937) case to 52 years 
in tho cn so of Goldstein nnd Woxler (1032) Tho ago of onsot of 48 cases is 
tabnlntod (tho ngo of ono enso was not recorded). 


Onsot bolow 5 j cars of ngo 
„ from 0 to 10 „ 

„ „ 11 to 20 

„ nboro 20 


17 casoa (35%) 
1C „ (31%) 

8 „ (17%) 

8 „ (17%) 


It Mill bo soon that two-tlurds of the patients wero undor 10 years of age at 
tho onset, which ngrccs with tho figures of Wilbs (1948), who gives the peak 
mcidcnco of gliomas m general ns occurring in tho Becond homi-docnde This, 
then, is a dnenso of oluldron nnd j oung people 

Fundal appearances Optio atrophy is tho usual finding and may bo unilateral 
or bilateral depending on whether tho pro-cluasmnl portion of ono nerve only 
or tho chiasm nnd Loth nerves are involved Papillocdomn in tho latter cases 
is rare, but it mny bo superimposed on atrophy through jnvolvoment of the 
tlurd ventriclo by n clunsmnl ncoplnsm with tho production of internal hydro- 
cephalus When tho tumour lies within tho orbit, papillocdomn is a frequent 
occurrence In theso cases thcro is often progressive exophthalmos which 
usually follows tho onsot of deterioration of vision, but may proceed pan passu 
with it 

Exophthalmos js common with in trn -orbital tumours and rare when the 
tumour is situated entirely within tho skull, but when the growth extends 
through tho optic foramina to a sufficient degree to displace the orbital contents 
exophthalmos ensues A glioma is tho only lesion affecting the ohiasm which 
docs extend forward in this manner, nnd the occurrence of exophthalmos in » 
enso of clunsmnl tumour is pnthognomomo of n glioma (Browm, 1938) 

Visual fields Fiold dofoots in clunsmnl lesions are variable Atypical heffii 
anopio dofccts mny occur (Martin and Cusbmg, 1923), orthodefeot may bo bizane 
and tho blind areas ill-defined (Wilhamson-Noble, 1939) Frequently the fields 
nro generally constricted, as in our first onse and Bnnton s (1937) case Gene f 
contracted fields wore also demonstrated by Dandy (1922) in two eases of pm- 
ohiasmal lesion of tho optic norve, nnd by Mayer (1937) 

Cutaneous lesions Theso are not complained of by the patient and may, n 
slight, be easily overlooked In the case reported by Rettelbaoh and Schutz 
bach (1942) peripheral neurofibromatosis was found only at autopsy, although, 
in view of its presence in the child’s father, it was sought dun ng life In the 
patient of Rand, Irvine, and Reeves (1939) signs of multiple penpheral neuro- 
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The treatment of intra-orbital tumonrs is, of course, surgical removal, and 
although, it may not be possible to remove the whole tumour, even partial 
ablation may produce satisfactory results For the chiasmal lesions, little can 
be done, and operation is contra-indicated, although in doubtful cases explora- 
tion may bo required X-ray irradiation may be attempted, but as m cases of 
other benign tumours cannot bo expected to achieve much 


Pathology of the Optic-nerve Tumours 

Hudson (1912) classified tumours of the optic nerve into three types, gbomas 
arising from the nerve proper, endotheliomas ari sing from the nerve sheath, 
and fibromatosis of the dural sheath Later (Hudson, 1940), he stated that the 
majority of these tumours could be classified histologically according to their 
origin in the ghal tissue of the nerve or in the tissues of the sheath Of the latter, 
the groat majority are memngo-endothehomas A marked difference m age 
mcidenco is noticeable between the two types of tumour, 60 per cent of the 
ghal tumours being manifest m the first decade as against only 24 per cent, of 
the moningoal Davis (1940) found ghal tumours to be twice as common os 
endothelial Ho boheved that the fibroma m Hudson’s (1912) classification was 
a very rare lesion, and suggested that the term ‘neurofibroma’ as appbed to 
tumours of tho optio nerve should be abandoned, since it convoys the erroneous 
impression that tho lesion resembles or is identical with neurofibroma of the 
penphoral norvos Ho stated that the tumour is most often a glioma, or some- 
times an endothelioma, although he admitted the possibility that the finer 
twigs of tho peripheral or sympathetic nerves which penetrate the optic nerve 
with tho blood-vessels might be tho source of neurofibromatosis m tho strictest 
senso Mooro (1944) recognized only tv o types of optic-nerve tumour, the astro- 
oytoma and tho momngoal fibroma, arising in the Bheath of Schwalbe 
In tho monograph already referred to, Davis (1940) described five stages m 
tho ghoraatous process In tho first stage, there is general hyperplasia of 
nourogha 17111110 tho norvo-stom, with early fibre-formation by fibrous astro- 
cytes Acgortcr and Smith (1937) called this stago ‘semi-neoplastic ghal 
proliferation’ or ‘astrocytosish In the second stago, tho ghal proliferation is 
continued, with extension tlirough tho pm Tho arachnoid is much thickened 
from hyperplasia of arachnoid colls This is a separate proliferntivo reaction, 
and is not part of tho gkomatous tumour in tho nervo-stom Tho next stago m 
tho process is an extension of tho growth m tho intorvagmal spaco farther out 
in tho sheath, with penetration and invasion of tho mass of proliferated arach- 
noid colls v Inch remain ns a thin layer on tho outer surface of tho gbomatous 
tumour. In tho fourth stago, tho growth has destroyed most of tho sheath 
including tho hyperplastic arachnoid, and tho entire nerve-stem and coverings 
are rcplnccd by tho glioma, whoso colls, at this stago, may become sprndle- 
aknpcd and clo^olj packed, and hence tho report of some of these tumours ns 
'ghosarcomas' Tho histological appearances m our third enso correspond 
closely to tho third 6tago of Dans and also to a description of a glioma of tho 



08 


E DRESNER AND D. A D. MONTGOMERY 


with disturbance in tlio motibty of tho oyo, sometimes combined with ptosis, 
form a woll-recogmzcd syndromo (Brnondstrup, 1044, Mannhoimor, 1946) 
Ophthalmoscopy in theso cases may show' citherpapillocdomn or optio atrophy, or 
tlio norvo-lioad may bo displaced forward by tho growth, ns in Pugh's (1946) case 
Tho growth may ovon bo scon o\tonding tlirough into tho globo as in the cases 
of Stallard (1038), Mnrks, Wilbs, and Anderson (1039), and Rettelbach and 
Sohulzbnch (1042) According to Gomes (1041), pam is rarely presont unless 
tho grow tli im ol ves tho ciliary nerves Extension of tho growth backwards mto 
tlio crnninl cavity may occur, and can usually bo detected radiographically by 
onlargomcnt of tho corresponding optic foramon, although absence of such 
ovidonco, ns already pomtod out, is no proof that this lias not tnhon place When 
tlio tumour is confined to tlio intracranial portion of tho optic nerves or to the 
cluasm, the local signs of tumour formation nro absent, and it is in these cases 
that diagnostic difficulties anso Prcsontcd with suoh a caso of progressive 
visunl failure and optic atrophy, and with no localizing signs to explain the 
blindness, it is tempting to postulate on obscure optic neuritis as tho cause 
But if, in addition, tlio subject lias signs of peripheral neurofibromatosis, the 
diagnosis is almost certainly a gbal tumour of tlio optic nerves or chiasm, and 
this diagnosis may bo supported by finding characteristic X-ray changes m the 
skull Tlio condition is an explanation of somo of tho more obsoure cases of 
retrobulbar nountis , and primary atrophy of tho disks in cases of generalized 
neurofibromatosis, however slight tho manifestations, should be suspected as 
being duo to a ghomatous process in tlio cluasm or its adjacent nerves 

Course 

In general, gbal tumours and especially astrocytio glioraas are of slow growth 
and relatively benign nature. Gliomas of tho optio norvo (commonly astro 
cytomns) do not motnstnsizo (Duke-Elder, 1940) Jefferson (1940) has drawn 
attention to tho extraordinary attenuation of tho malignancy of the tumours, 
in recording tho caso of a boy on whom ho had operated at the age of 12 years 
for a glioma of tho ohinsm Romoval of tho tumour w as not attempted Fw® 
yoars later tho boy w as still ablo to got about, although vision had deteriorated. 
Subjects of incomplete operation for intra-orbital optio-norve tumours have 
been found freo of recurrence 15, 18*, 19, and 24 years (two cases) after opera 
tion It is oloarly ovidont that m certain cases the lesion is very slowly progres- 
sive, and in tho absonco of signs pointing to a space-occupying lesion, either 
intracranial or intra-orbital, tho neoplastio nature of the lesion may not be 
recognized In Cases 1 and 2 vision started to fail at the age of four years, 
and yet thoro was no evidence nine years later of tumour formation which 
could be clinically diagnosed os such In Case 3, blindness was complete at 
tho age of 12 years, yet at autopsy 17 years later, a stnotly localized growth 
-was found, death being due to unrelated causes Other evidence of the relatively 
benign nature of the condition and its tendenoy to remain localized to the struc- 
tures of tho ohiasm and optio nerve over very many years has been supplied 
by many writers 
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two, although stated to be neurofibromatous, were not examined micro- 
scopically Their histology, therefore, remains unknown. Of the later 12 cases 
summarized in the Table, histological examination was made m six, all of which 
were gliomas Thus, in the total of 49 recorded cases, histological examination 
of the tumours was made in 41 Thirty-five (85 per cent ) of these were gliomas, 
and four were endotheliomas Only two were reported as being ‘neuro- 
bromata’ It is possible that the proportion of glial tumours may be even 
higher, as, in the later stages, the cellular elements may present an atypical 
anaplastic appearance Unless one is familiar with this type of glioma, and in 
the absence of differential stains for neuroglia, these cells may be regarded as 
sarcomatous (as in the case reported by Tanner and Hertzog, 1940), or the 
elongated closely packed cells may simulate the palisading of a neurofibroma 
It should bo stressed that there is no pathological or nosological difference 
botween ghomas situated in the optic chiasm, with or without involvement of 
the adjacent norves, and those confined to a single nerve 


Incidence of Optic Ohoma tn von RecUinghansen’s Disease 
The incidence of manifestations of peripheral neurofibromatosis in chiasmal 
and optic-norve tumours is about 10 per cent Davis (1940) stated that the total 
recorded number of these tumours is approximately 380 Of these 38 (10 per 
cent ) had cutaneous neurofibromatosis Six (33 per cent ) of Cushing’s (1930) 
18 cases of chiasmal ghoma had von Recklinghausen's disease Probably the 
syndrome may be more common than Davis’s figures suggest, as the optic 
ghomas occur most often in childhood, at a time when the skin lesions may bo 
minimal and not fully developed On the other hand, references to visual defects 
and optic atrophy m von Recklinghausen's disease do occur in the literature, 
and Davis mentioned that ho found 35 such instances, in none of which was it 
suggested that a tumour of the optic nerve or chiasm might bo the cause Our 
experience has been similar During the ponod 1938 to March 1948, the dia- 
gnosis of von Rccklmghausen’8 disease has been entered on the caso-sheets of 
eight patients admitted to tho Postgraduate Medical School of London for somo 
other condition Of these, tho three cases recorded in tho present paper had 
visual symptoms and optic atrophy No conclusions can bo drawn from such a 
Bmall senes, but wo feel that if tho syndrome is homo m mind, careful examina- 
tion may reveal more cases of optic atrophy with von Recklinghausen’s disease 
than has hitherto boon recorded 


Heredity 

Tho hereditary nature of von Recklinghausen’s disease is generally accepted 
Von Recklinghausen (1882) lumself pointed out that mulfiplo neurofibromatosis 
could not bo considered a purely acquired disease, and Thomson (1900) proved 
tho hereditary background of tho disorder Numerous eases of liereditniy cen- 
tral neurofibromatosis have boon recorded Amongst them, Gardner and 
Inner (1930) reported n family in 11111011 ion Reckbnghnusen’p disease, m the 
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optio norvo by Obcrbng find Nordmnrm (1027), although these miters mam 
tamed that tlio gbal tumours nrjso from tho 'mcmngioblnats’ of tho pi& arach 
noid Dans produced convincing ovidonco that this is not so, and that these 
tumours anso from glial colls m tho norvo propor, and" our case supports the 
now that tius explanation is tho corroct ono 


Table 


A uthor 

Sex and 
age 

Age at 
onset 

Familg 
history of 
con Heckling- 

hausen's Optic 

Clinical 

Histological 

{genre) 

{gears) 

disease 

atrophg 

diagnosis 

diagnosis 

Brinton 

F 7 

■n 

Not 

Bilateral 

Chiasmal 


(1037) 

Runt], Irvine, 
and Boev es 
(1039)* 
Tanner and 

M 4] 

M 3 

O 

stated 

Present 

Present 

glioma 
Optic norvo 
tumour 

Umlntero! Fibrosarcoma 

Spongio 

blastema 

Advanced 

Uertzog 
(1040)* 
Davis (1040)* 

M 

? 

Present 

r 

of optic 
none 
Glioma of 

glioma 

Goldniann 

‘Young 

child* 

M r, 

T 

Present 

Absent 

optic nerve 

Tumour of 

Ghoma 

nnd Griin 
tlrnl (1041) 

Rcttollmch 

r 3 


Present 

Bilateral 

optio norvo 

Tumour of 

(Stage HI 
of Daws, 
1940) 
Ghoma 

and Sclmtz- 
bach (1042) 
Brocndstrup 

F 10 

Present 

Not 

chiasm and 
optic nerves 
Optic nervo 

Obgodendro 

(1944) 

Pugli (1910) 

F 2* 

2iV 

Present 

stated 

Unilateral 

tumour 
Bilateral optic- 

ghoma 

Mend opts 

F 10 

Not 

Absent 

Bilateral 

nervo 

tumours 

Chiasmal 


(1048) 

Dresner nnd 

F 13 

known 

‘Manj 

jenrs 

ago* 

4 

Present 

Bilateral 

tumour 

Chiasmal 


Mont- 

gomery 

(1040) 

ft 

F 13 

M. 28 

4 

12 

Present 

Not 

Bilateral 

Unilateral 

ghoma 

Chiasmal 

ghomo 

Optio norve 

Astrocytoma 
(Stage IU 
of Davis, 


known 


tumour 


1940) 

* Cited bjF A Davis in a paper by Gomes (1941) 

The nature of the small areas of caloifi cation lying beneath the nuioh- 
thiokened dura (Plato 16, Fig 3) is obsoure A similar appearance is shown in 
a section of the optic-nerve ghoma from the case of Rettelbach and Sohutzbach 

(1042) ^ 

Of tho 37 cases of von Recklinghausen’s disease with associated optic-nerve 

tumours collected by Davis all except eight were classified as ghomas Of the 
remainder, four were endotheliomas, two were stated to be neurofibromas, and 
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form of bilateral ncoust.io norvo tumours, was transmitted as a Mendelmn 
dominant tlirougli fivo gonorntiona. At tliat time, tho diagnosis ms con- 
firmed lustologically m only two cases, although 38 roombors were affected. 
Subsoquentl} , Gnrdnor and Tumor (1940)suromanzod tho gross and histological 
observations m four additional affected mombere of tho Bamo family. Turner 
and Gardner (1038) described anothor famity m which ono or moro tumours of 
tho fihoatliH and onvolopmg mombrancs of tho nervous system appeared as a 
horoditnry trait, and were transmitted na a Mondoban dominant, seven cases 
of peripheral and central neurofibromatosis occurred m a family of 14, of winch 
tlireo u ore verified at autopsy Proisor and Davonport (1 D18) jn a study of 115 
offspring of 20 patients with multiple nourofibromntosis found 43 5 per cent 
to bo affected, which again suggested tho inherited trait to bo a Mendelmn 
dominant Furthermore, Ihoy found that there appears to ho a familial relation 
ship m tho manifestations of tho discoso, os to both its typo and distribution 
Hookatrn (1022) also reported a congenital inclination to nourofibromatosis m 
four generations, and increasing tlirougli thorn, and tho lioreditaxy aspects of 
nourofibromntosis jmvo also been dealt with by Gnll and Kuzma (1942) 

In n study of twins, Siomons (1020), on tho other hand, came to the conclusion 
that von Rochhnghnusen’s disease is not a Bimplo dominant hereditary disease 
Tho symptoms could develop in vanous members of ono family, but, of uni 
ovular twins, ono may show tho discaso and not tho other Its occurrence m 
identical twins is very rare It has been recorded in Germany by Blotevogd 
(1933) and Leers (1930) and in tho United States of America by Lofbs (1940), 
but so far as v o are awaro no case of either peripheral or central neurofibro- 
matosis in uniovular twins lias been previously recorded in this country Central 
nourofibromatosis manifesting itself as glioma of tho optic chiasm m unv 
ovulnr twins with von Rcohlmghauson’s disease has novor previously been 
reported. In our own pationts (Cases 1 and 2), whilst tho hereditary nature o 
tho peripheral nourofibromntosis is clear and appears to bo transmitted as a 
Mondoban dominant factor, there is no such evidence as regards the chiasmal 
lesions, which appear to havo orison in this family for tho first time 


Summary 

1. Tlireo cases are recorded in wlnoh primary optic atrophy was associated 
with multiplo nourofibromatosis Two of the coses occurred m uniovular twins 
In tho third coso, tho oauso of the optio atrophy was demonstrated post mortem 
to bo an astrooytio ghoma of the optio nerve 

2 A survey of tho literature has revealed the occurrence of primary optic 
atrophy m subjeots of von Rookhnghausen’s disease m 46 previously recorded 
instances It has not hitherto been described m identical twins 

3 In the 41 coses m which histological study of the optic-nerve lesions was 
made, 35 (85 per cent ) were primary gliomas of the nerves or chiasm 

4 The clinical, diagnostic, and hereditary aspeots of the syndrome are 
briefly reviewed 
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THE 3MARCFTAFAVA MICHELI SYNDROME 
(Paroxysmal Nocturnal Ha em oglobmuna) 1 

Br JOHN MARKS 

(From tho Department of Medicine, University of Cambridge, and the Bland- 
'Sutton Institute of Pathology, Middlesex Hospital, London) 

Introduction 

Haemoqlobinuria is generally recognized to be a classical sign of an acute 
haomolytic process, and descriptions of the various haemolytic agents which 
may cause haomoglobmuna have made a vast literature The subject has been 
reviewed by Boss (1945), Mackenzie (1929), Hegglin (1944), and Hoffman and 
Kracke (1943 6) One of the rarer types of haemoglobmuna is the disorder 
known as the Marchiafava Micheli syndrome, which is characterized by the 
usual features of a haemolytic anaemia, together with hepato-splenomegaly 
and bouts of haemoglobmuna A distinctive feature of the syndrome is that 
tho haemoglobin is either present in the unne only during sleep or else increases 
greatly dunng tho penod of sleop as compared with the waking penod. Tho 
symptom of nocturnal haemoglobmuna in association with jaundice was first 
described by Chauffard and Troisier (1908), but m spite of the many subsequent 
reports (van den Bergh, 1911, Marchiafava and Nazan, 1911, Biffis, 1916, 
Sisto, 1915 , Gnffin, 1923 , Panton, Maitland-Jones, and Biddoch, 1924 , Scheel, 
1025 , Mnmni, 1927 , Saldm, 1927 , Enneking, 1928) the nature of tho disease was 
not appreciated until Marchiafava (1928) gave the first clear account, which 
nas later followed by Miohch’s (1931) excellent paper on the subject About 
73 cases of tho syndrome have so far been desenbed (Chauffard and Troisier, 
1908, van den Bergh, 1911 .Marchiafava and Kazan, 1911 , Biffis, 1915, Case 5, 
Sisto, 1915, Case 3 , Gnffin, 1923 , Panton, Maitland-Jones, and Biddoch, 1924 , 
Scheel, 1925, Mamni, 1927, Saldn, 1927, Enneking, 1928, Villa, 1928, Saxl, 
192S , Bnrln and GOrOg, 1929 , Donati, 1930 , Marchiafava, 1931 , Micheli, 1931 , 
Hitzcnbcrgcr, 1931 , Kazan, 1931, Bcigmark, 1931, Lasch, 1931, Rosenthal, 
1932, Eastwood and Smyth, 1932, Moyer, 1933, Weir, 1933, Lolh, 1933, 
Jglnuer and St Frcnrcisz, 1034 a, b, Falkicwicz and Musml, 1935, Schally, 
1 935 , Trostini, 1935 , Mackenzie, 1935 , Witts, 1936 , Hamburger and Bernstein, 
1930, Cnlobrcsi, 1937, Cam, Cnlton, Harnspe, and van den Boijen, 1937, 
Israels and Wilkinson, 1938, Scott, Robb-Smith, and Scowcn, 1938, Jordan, 

1938, Bnile, Hillcmnnd, and Gauhc, 1938, Sega, 1938, Ham, 1939, Villarct, 
Justm-Bweinfon, Rulwns-Dm al, and Sikornv, 1939 , Valke and van den Bergh, 

1939 , Casolo and do Colic, 1930 , Anidnl, 19 10 , Ilnm and Homck, 1941; Buell and 

1 TJrcrucd August 20, 194S 
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admission, though nocturnal haemoglobmuna still persisted. Soon after, the 
patient felt sick, and this feeling continued for some days, culminating m a severe 
bout of vomiting which lasted all night A dnp blood transfusion of 2,600 e c 
of fresh blood was given, after which the urrne contained much haemoglobin 
day and night for 48 hours A little later the patient complained of shooting 
pain behind the eyes and developed herpes labialis, whereupon, remarkably, the 
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\rnno van free from haemoglobin for five weeks despite an attack of Vincent’s 
angina w Inch was present during much of the ponod Nevertheless, the blood 
count fell gradually and she suffered from bouts of nght epigastric pain mainly 
at night A blood transfusion of 200 c c was given on November 22 This was 
again follow ed by a remission in the baomoglobmunn, but tho blood count did 
not rise An intravenous injection of Congo red on December 2 diminished tho 
hnemoglobmuna for tax day s, but during tlus timo the patient had further bouts 
of abdominal pain and on December 29 developed on acute E coh pyelitis 
During tho acute stage of this complication tho urine remained 1 free from haemo- 
globin Tito infection c\ cntunlly cleared satisfactorily, and the patient was dis- 
charged after n fi\ c-months Rtay m hospital with n haemoglobin of 9 0 gm per 
100 cc Between 1917 and 1944, she was seen regularly ns an out-patient, 
remaining fairly well and at work most of the time Hacmoglobmnrm persisted 
m t he early morning specimens, and w ns present throughout the 24 hours during 
crises, which were usunlh associated with infections of the upper respiratory 
tract She frequently experienced upper abdominal pain of biliary type Tho 
haemoglobin \ nned from 8 0 to 11-8 gm per 100 c c , and the reticulocyte count 
from 7 to Jt> jicx cent (Fig l) Dunng tho earlv part of 1944 the spleen liecamc 
patpnbto and extended to 7 cm below the co«tsl margin On May 29 the jintient 
was gnen n mixture of jxitncsmm citrate gr 30 and sodium bicarbonate gr 30 
four times a day 1 lie nlhnlme mixture produced no lasting diminution in either 
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Mother, 1041, Brendstrup, 1041, Hegglin and Mnier, 1941, De Marval and 

Bomcbil, 1042, OhvnnuH, 1912, Dnnieshck, 1042,HofimannndKracke,1643a,6, 

Dacio and Firth, 1043 ; Pierce and Aldnch, 1043 , Dacic and Gilpin, 1944, Rpn, 
1015, Milne, 104G, Manchester, 1045, Afrona and Vinlo, 1040, Meyer, 1946, 
Fislior, 1017; Hickey and Malloy, 1948) Tho diagnosis, however, could never 
bo established with certainly until Ham (1939) showed that in this disorder the 
pntiont’s colls aro hacinolyscd by his own and by normal scrum, and that the 
reaction is sensitive to changes in pH This spcoifio dmgnostio serological test 
is known ns Ham’s test Tho present paper contains a report of three examples 
of tho condition seen m tho Middlesex Hospital during tho past few years, and 
reviews nil the references to bo found in tho literature 


Case Report 

Case 1 Aw oman aged 30 y ears, a telephone operntor, was first admitted to 
tho Middlesex Hospital on August 20, 1 030, complaining of pallor and jaundice, 
palpitations and dyspnoea on exertion, and that she sometimes passed dark 
unno. At tho ago of 13 years sho had been admitted to tho Bobngbrohe Hospital 
with menorrhagia and anaemia There, investigations showed an erythrocyte 
count of 050,000 per c mm , haemoglobin 20 per cent , and loucooytes 1,400 per 
c.mm , with neutrophils 470 por c ram and lymphocytes 882 per emm She 
improved on iron therapy Thrco months boforo admission to tho Middlesex 
Hospital tho patient had noticed icterus of tho sclomo and pains m the back 
which hnd recurred ono month later, tho pain being then mainly between the 
shoulder-blades Sho rested for a month, but without improvement, and a 
month before admission a blood count showed haemoglobin 8*0 gm per 100 oc., 
erythrocytes 2,510,000 per c mm , mean corpuscular haemoglobin 30 0 yy, 
reticulocytes 19 per cent , icterus mdox 20 units, and loucooytes 3,000 per cm®> 
with noutropluls 1,500 jicr c mm , Iyunphocytes 1,380 pore mm , and monocytes 
00 per c mm Tho red-ccll fragility in hypotonic sahno was normal On a 
mission sho was a w oil-nounshed woman with a sallow skin and icterus of 0 
Bclerno Tho cardiov oscular and respiratory sy stems were normal and the blood 
pressure 130/00 Tho spleen and Iymphnodes could not bo felt, but the brer 
was onlargcd and firm Tho central nervous system shou cd no abnormality 
Investigations Tho haemoglobin was 8 0 gm por 100 co, erythrocytes 

2.720.000 por c mm , mean corpuscular haemoglobin 29 0 yy, mean corpuscui 
volumo 90 cu p, mean corpuscular haemoglobin concentration 30 per cen , 
mean corpuscular diameter 7 24 p, mean corpuscular thickness 2 3p, a 11 
reticulocytes 13 per cent Films showed jiolychromnsia, slight aiusocyt-osis, an 
poihilocytosis Total loucooytes wore 4,000 per c mm , with neutrophils » 
per o mm , lymphocytes 1,880 por c mm , and monocytes SO perc mm TI ° 
coll fragility was normal Tho Pnce-Joncs curve was normal Tho platelets w 

100.000 por o mm The van don Bergh reaction was direot delayed— veiy ' 

positive, indirect — very faintly positive A fractional test meal was normal J- 

Wassormann and Donath-Landstemer reactions were negative The arm 
contained oxyhaemoglobm and mothaemoglobin , from 8 a m to 8 pan to 
haemoglobin excreted 1 98 gm and from 8pm to 8 a m total haemoglobin 
oxcreted 2 00 gm The urme contained neither urobilin nor bilirubin. Cystoscopy 
showed a normal bladder with a blood-stained uretenc efflux 

Progress The patient was given massive doses of iron and improved for 
time, the haemoglobin being raised to 11 6 gm per 100 o c one month after 
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admission, though nocturnal haemoglohmuria stall persisted Soon after, the 
patient felt sick and this feeling continued for some days, culminating in a severe 
hout of vomiting which lasted all night A dnp blood transfusion of 2,500 c c 
of fresh blood was given, after which the urine contained much haemoglobin 
day and night for 48 hours A httle later the patient complained of shooting 
pain behind the eyes and developed herpes labiahs, whereupon, remarkably, the 
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urine was free from haemoglobin for five weeks despite an attack of Vincent's 
angina wbioh was present during much of the period Nevertheless, the blood 
count fell gradually and she suffered from bouts of nght opigastno pain mainly 
at night A blood transfusion of 200 c o was given on November 22 This was 
again followed by a remission in the haemoglohmuria, but the blood count did 
not nso An intravenous injection of Congo red on December 2 diminished the 
haemoglohmuria for six days, but during this time the patient had further bouts 
of abdominal pain and on December 29 developed an aoute E coh pyelitis 
During the acute stage of this complication the urine remained free from haemo- 
globin The infection eventually cleared satisfactorily, and the patient was dis- 
charged after a five-months stay m hospital with a haemoglobin of 9 0 gm per 
100 c c Between 1937 and 1944, she was seen regularly as an out-patient, 
remaining fairly u ell and at work most of the time Haemoglohmuria persisted 
m the early morning specimens, and was present tliroughout the 24 hours during 
crises, which wore usually associated with infections of the upper respiratory 
tract She frequently experienced upper abdominal pam of bihary type The 
hnomoglobm varied from 8 0 to 11 8 gm per 100 c o , and the reticulocyte count 
from 7 to 10 per cent (Fig 1) During the early part of 1944 the spleen beoame 
palpablo and extended to 7 cm below the costal margin On May 29 the patient 
was given a mixture of potassium citrate gr 30 and sodium bicarbonate gr 30 
four times a day The alkaline mixture produced no lasting diminution in either 
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the hnomoglobmtmn or the jaund.co, and tho blood count showed nounprove- 
Xct A kn i 1 ' 0mp3 m ' nr J jn e d08n g° " a» continued for nine weeks without 

On October 10 tho patient was admitted to tho Royal Hampshire Hospital 
wo i >i inry colic, and while thoro Jind sovcral haemolytic cnscs Blood counts 
allowed haemoglobin varying between -10 and 70 per cent , reticulocytes 12 per 



Flo 2 Effect of rev ersal of sloop on hnomoglobmuno 
Continuous lino r r Asleep 10 p.m to 0 n.tn 
Interrupted lino rr Asleep 10 n m to 0 pun 



Fio 3 Effect of pilocnrpmo mtrato on degreo oflinemoglobmurm 

Continuous lino = Control 

Interrupted lino = Filociupino mtrnto gr at 8 p.m and 2 aim 

cent , and icterus index 30 units A cholecystogram was normal Later at the 
Middlesex Hospital a strongly positive Ham serological test confirmed the dia- 
gnosis, and sho w%s admitted on November 8, 1945, for further tnal of possible 
therapeutic agents Investigations showed a blood count essentially the same 
as before with a hnomoglobm of 9 C gm per 100 o c The blood group was 0, 
Rli phenotype 1234 (Murray, 1944) The plasma-proteins (copper sulphate 
method) wore 5 85 gm per 100 c o The icterus index was 27 units ThePnce- 
Jones curve showed a moan coll diameter of 7 S3 /t, with standard deviation 0 6, 
coefficient of variation 7 8 per cent , and macrocytosis 7 per cent The red-cell 
fragility was normal The effect of the reversal of sleep was tried Typical days 
are shown in Fig 2 Tho hacmoglobmuna always occurred during sleep whether 
by night or day, and was absent during waking periods Pilocarpine nitrate was 
tned (Pig 3) and a dose of gr 1/10 at 8pm and 2 a m caused a great decrease 
m the nocturnal haemoglobmuna The drug was not continued because a dosage 
which had any effect on the haemoglobmuna caused great drowsiness, and upon 
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one occasion a fainting attack She was discharged on December 22, 1945 
She had remained in good health during 1946 and 1947, being last seen in the 
middle of June 1947 During this interval there were periods lasting some weeks 
of complete freedom from haemoglobinuna 


Case, 2 A housewife, aged 54 years, was admitted to the Middlesex Hospital 
on March 11, 1937, complaining of weakness There was nothing relevant in the 
family history The first record of urinary trouble was m March 1933, when the 
patient passed dark unne, in which her private doctor found haemoglobin The 
urrne was darker m the early mornings and cleared during the day She was 
admitted to the Bradford Royal Infir mary in March 1933 and treated with iron, 
oral hver, marmite, and a stomach preparation, without any improvement 
During the next few weeks her unne became clear of haemoglobin Liver injec- 
tions administered at home caused nausea, followed by jaundice and haemo- 
globmuna lasting about a week and eventually led to her admission to Burnley 
Hospital She was there treated with iron and malt with some improvement 
From 1934 to 1937 despite several courses of different medicines she continued 
to have bouts of nocturnal haemoglobinuna On admission to the Middlesex 
Hospital m 1937 there was slight icterus of the skm and the sclerae, whilst the 
mucosa of the mouth was pale A systolic murmur was audible at the pulmonary 
area, but otherwise the cardiovascular system was normal The hver and spleen 
were just palpable All the other systems were normal 

Investigations The haemoglobm was 5 1 gm per 100 o c , erythrocytes 
2,700,000 per c mm , mean corpuscular haemoglobm 17 yy, mean corpuscular 
haemoglobm concentration 26 per cent , mean corpuscular thickness 16 p, 
mean corpuscular diameter 7 2 p, and films showed amsocytosis, poikilooytosis, 
hypochromia, polychromasia, and retioulocytes 6 per cent The leucocytes 
numbered 1,980 per c mm , with neutrophils 678 per o mm , lymphocytes 1,050 
per o mm , monocytes 232 per c.mm , and eosinophils 20 per o mm The platelets 
were 210,000 per c mm The sedimentation rate (Wmtrobe method) corrected 
to a packed-cell volume of 45 per cent was 3 mm m one hour The red-cell 
fragility was normal The icterus mdex was 9 units The van den Bergh 
reaction, direct and indirect positive , quantitative 1 uni t The Takata Ara 
reaction was negative The faeces did not contain occult blood The Wasser- 
mann reaction was negative The unne was normal on admission and blood was 
not present 

Progress On March 22 a blood transfusion of 500 c c was given, the urrne at 
this time being normal That night the temperature rose to 100° F and night 
specimens of unne contained much haemoglobm, but no red cells The haemo- 
globinuna continued for three days One week later, Sir Gordon Taylor 
removed the spleen, a blood transfusion of 1,000 o o being given during the 
operation The haemoglobm at the end of the operation was 13 7 gm per 100 c c 
and the erythrocytes 4,700,000 per c mm On the evening of the operation the 
temperature rose to 101° F and once again the unne was found to contain large 
amounts of haemoglobm, which persisted throughout the next day and night 
The patient died within 48 hours of the operation Permission for a post- 
mortem examination was refused Although the specific serological reaction was 
not performed on thiB patient, she was almost certainly an example of the 
Marohiafava Micheli syndrome, in that haemolytic anaemia, hepato-spleno- 
megaly, a normal red-cell fragility, and bouts of nocturnal haemoglobinuna 
accentuated by parenteral administration of hver and by blood transfusion 
permit of no other diagnosis 
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Case 3 A ninlo child aged 3 y oars 8 months was first admitted to the Middle- 
sox Hospital iiwlor tlio caro of Hr. Moncr/off on Juno 7, 2030, with a history of 
'tho passngo of dark unno sinco midnight tho previous night’ There was no 
family history of similar troulilo Tho parents wore both well and tharWassor- 
mann react ions negative Tho patient had not had previous illnesses Tho dark 
unno was first passed at midnight on Juno 0-7 without apparent pain, though 
tho child was irntahlo for fic\ oral hours afterwards. Ho had been given a box 
of chemicals at tho previous Christmas, but contaot with known haemolytic 
agents was not established When first seen the unno did not roveal any ab 
normality, whilst examination showed n normally' built intelligent boy whose 
liver was just palpablo Other abnormalities wore not detected 

Investigation*. 'J'ho night specimen of unno was very dark coloured and con 
tamed amorphous urates with an occasional rod coll, tho guincum test was 
strongly jiositno, and spectroscopic examination showed tho presence of osy 
haemoglobin X-rays of the unnnry tract did not roveal opaque calculi The 
haemoglobin was (5 If. gin per 100 c c , erythrocytes 1,020,000 per c mm, and 
mean corpuscular haemoglobin 80 fi yy Films show ed polycliromasia and baso 
plul punctntion Tho total leucocytes w ere 1 3,500 per c mm , with neutrophils 
7,300 per c mm , lymphocytes 0,400 per c mm , monocytes 075 per amm , 
and my clocydes 130 por c mm Tito platelets appeared normal in tbo film The 
Pncc -Jones cun o showed slight microcytosis with a mean cell dmmotor of 0 68 p 

Progress On tho following day haemoglobin wns still present m the unne 
Tho patient looked ill and had slight fovor Tho haomoglobimina persisted 
throughout tho 24 hours, hut w as greatest during tho night A blood transfusion 
of 300 o c wns given Thrco days later tho hnemntologicnl condition had im 
proved, the hnomoglobm then being S 4 gm per 100 c o nnd tho erythrocyte 
2,G10,000 por e mm Tho urine still contained haemoglobin which persisted till 
tho following dny- Tho rcd-ccli fragility wns normal, tho Wassermann reaction 
negativ o, nnd tho Donnth-Landsteinerrcnctionnogntivo Tho patient improved 
rapidly' on iron nnd ammonium citrate gr 10 thneo daily, and was discharged 
on January 20 with a blood count of haemoglobin 9 7 gm per 100 o o , erythro- 
oytes 2,800,000 per c mm , and reticulocytes 7 5 per cent Ho was re-admitted 
to the Middlcsox Hospital six years Jatcr having had another bout of haemo- 
globmunn. w Inch had commonccd three days before admission There had been 
no other attacks sinco tho original one nnd there had boon no exposure to cold 
dmung tho previous days Only tho night specimens had been dark coloured 
Physical examination on admission showed a fovv enlarged lymplinodes m the 
nook and a palpablo livor A blood count showed haemoglobin 13 7 gm 
100 c o and cryrthrooytcs 4,700,000 por c mm A specimen of unne taken on the 
day of admission showed occasional red nnd wdiite colls only, and no haemo- 
globin spoctroscopically How over, in tho specimen passed the following morn- 
ing thoro wns a largo amount of haemoglobin The liaomoglobinuna continued 
for two more nights, tho day specimens being free of pigment The red-ccu 
fragility w as normal nnd tho Donath-Landstomer reaotaon negative The Bam 
serological test for paroxysmal nocturnal haomoglobimina was positive The 
patient was discharged well two weeks after admission and has not returned. 
It has not beon possiblo to trace him since This is a very mild case of sero- 
logically proved Marobiafava Mioholi syndrome The patient is the youngest 
case so far reported 

Aetiology 

Nocturnal hnemoglobinuna is neither hereditary nor racial, nor is it related 
to occupation Male and female patients are affected equally The disease nmf 
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begin at any age, but is most common between 20 and 40 years Three cases 
in childhood have been recorded (Pierce and Aldrich, 1943 , Dacie and Gilpm, 
1944, and the thir d case of the present report) The average age of onset in 
the senes here reviewed was 28 years for male and 30 years for female patients 

Symptomatology 

The disease does not always present pnmanly with haemoglobmuna, for 
other symptoms may be much more prominent In some patients this feature 
has not appeared for years after other haemolytio manifestations have been 
noticeable The presenting symptoms in the 73 cases recorded were 

Haemoglobmuna 33 cases Anaemia, or dependent symptoms 30 oases. 

Jaundice 27 „ Abdominal pain 5 „ 

Lumbar pam 7 „ Splenomegaly 2 „ 

It is clear therefore that m haemolytio anaemia the absence of haemoglobi- 
nuna does not exclude the Harchiafava Micheh syndrome When the disease 
presents with haemoglobmuna there may be long intervals of freedom, some- 
times lasting years, though with such intermittent types the haemoglobmuna is 
usually stnotly nocturnal It is therefore advisable to include the specifio sero- 
logical test m the investigation of any obsoure haemolytio anaemia, irrespective 
of the presence of haemoglobmuna In text-books, descriptions of the condition 
commonly concern only the later phases of the disease, when penods of haemo- 
globmuna are accompanied by the typical haemolytio crises, jaundice, and 
pallor These crises are often associated with pam in the nght hypoohondnum 
and with the lumbar pam so commonly found with haemoglobmuna During 
the later stages of the disease crises tend to become more frequent and the 
haemoglobmuna eventually persists throughout the 24 hours Crises are often 
associated with minor mfeotions of the upper respiratory tract, whereas m- 
feotions elsewhere, m strong contrast, usually produce no exacerbation This 
is particularly the case with acute pyelitis, durrng which haemoglobmuna usually 
clears The reason for this is unknown During the late stages, bouts of 
abdominal pam may so dominate the picture that appendiceotomy and chole- 
cystectomy have been performed (Chauffard and Troisier, 1908 , Marchiafava 
and Nazan, 1911 , Bergmark, 1931 , Brul6, Hillemand, and Gaube, 1938) The 
situation of the pam, which is accentuated by fatty foods, suggests a biliary 
ongm, and indeed is probably related to the excess production of biliary pig- 
ments from the haemolysis Choleoystograms have usually shown a poorly 
filling gall-bladder, but biliary stones have rarely been found Icterus is 
moderate, though the Bkm has a peculiar dark colour despite the anaemia The 
mucous membranes are very pale, and are not pigmented There is usually a 
moderate degree of hepatomegaly and splenomegaly The spleen was reported 
as being enlarged m 60 per cent of the cases and the liver m 60 per cent The 
hvor and spleen both tend to be enlarged m the later stages of the disease and 
often reaoh the umbilicus terminally, enlargement may also occur acutely 
during the haemolytic crises The size of the liver and spleen gives no indication 
of the immediate or ultimate prognosis 
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Complications 

The mnm complications arc thrombosis, ■which may occur m many parts of 
tho body and is discussed moro fully m tho section on pathology, there are 
threo roports of hemiplegia (Manchester, 1045, Picrco and Aldnoh, 1943, 
Amdnl, IfllO), biliary colic, pyelonephritis; and intercurrent infection by 
reason of tho chronic anaemia and grnnulocytopoemn Tho last is not un 
common and is often terminal 


Pathology 

Tho catiso of tho discaso is unknown Tho mam contributions to knowledge 
hn\o been mndo by Hnm (1037), Jordan (1038), Dncio, Israels, and Wilkinson 
(1938), Hnm (1030), Hnm and Dmglo (1030), Hnm nndHornck (1941), Hoffman 
and Krncho (1043<i, b), Dncio and Firth (1943), and Dncio and Richardson 
(1043) 

Inherent abnormality Tho primary fault appears to be in tho erythrocytes, 
tliero being no cvidenco of inherent abnormality in tho serum Autogenous cells 
are hnemolysed by autogenous scrum and by normal serum to tho same extent, 
whilst autogenous sorum does not hnemolyso normal red cells Previous er 
posuro to cold is not necessary to initiate haemolysis Tho rcd-cell sensitization 
test (Coombs, Mou rant, and Race, 1940) has boon reported to be negative in this 
disorder (Hichoy nnd Mnlloy, 1948) 

Effect of acid-base reaction on the degree of haemolysis Tho baemolytio re- 
action is sensitive to changes in pH within tho range of ohanges which may occur 
in tho body VnndcnBergh (I911),Dncio, Israels, nnd Wilkinson (1038), Jordan 
(1938), Amdal (1940), nnd Brcndstrup (1941) have demonstrated increased 
hnomolysiB in tho prcsonco of carbon dioxide Dacio nnd Richardson (1913) 
found that tho haomolysis was inhibited abovo pH 8, roso to a maximum about 
pH 7 2, nnd fell agnm to zero at pH G 2, tho whole curve being symmetrical. 
Tho effect did not depend entirely on pH, since the degree of haemolysis voned 
with different acids, thus, for tho samo pH change, carbon dioxido caused greater 
haomolysis than hydrochloric ncid (Hegglin and Miner, 1941 , Brcndstrup, 1941) 

Eclat ion of the serum haemolysm to complement The haemolyBin is thernio- 
labdo, and heated scrum will inactivate normal serum (Ham and Dingle, 1939. 
Dacio, Israels, nnd Wilkinson, 1938, Hickey and Malley, 1948) The addition 
of guinea-pig sorum increases tho degree of haemolysis by normal serum over 
tho same pH range, but guinea-pig scrum fails to reactivate heated serum 
(Dacio and Richardson, 1943) Ham and Dingle (1939) suggested that the 
haemolytio factor is very similar to, but not identical with, complement 

Theories for the nocturnal character of the haemoglobmuna The haemoly® 3 
moreases greatly during normal sleep whatever the time of day Case 1, 
for oxamplo, for a period was kept awake all night and slept during the day 
There was then no nocturnal haemoglobmuna, but haemoglobin was passed 
m the urine during the penod of daytime sleep (Fig 2) The haemolysis is not 
due to tho reduction in food intake during sleep, for continuous gastno feeding 
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does not c hang e the intensity of the haemoglobmuna. Most authonties assume, 
but have never proved, that during sleep there is a change in the serum rather 
than in the red cells Cells and serum from blood samples taken from Case 1 
daring waking and sleeping periods were separated as soon as posable after 
withdrawal, am being excluded with paraffin The blood samples were then re- 
constituted and incubated Unfortunately, the degree of haemolysis was great 
m all the tubes, and with the means of haemoglobin estimation available no 
significant difference could be found. An increase m the blood acidity durrng 
sleep has been suggested as the salient feature of the disease, although the 
evidence is contradictory Hoffman and Kracke (1943 a) found the blood m 
patients to be more alkalin e when asleep than awake, and Ham (1939) found no 
change in arterial blood pH In normal subjects, Colkp (1920) found no change 
or a slight decrease in alkali reserve, Hastings (1939) a decrease m blood pH 
during sleep, and Kunze (1928) an increase m blood acidity , Endres (1923), Bass 
and Herr (1922), and Gollwitzer-Meier and Kroetz (1924) found the alkali reserve 
of the blood unchanged, although the alveolar carbon dioxide tension rose con- 
siderably Hoffman and Kracke (1943 a) believed that the changes in blood pH 
may be greater in deeper parts of the body including the spleen, and attributed 
the reported abatement of the nocturnal character of the haemoglobmuna 
following splenectomy to this 

Changes m blood and urine chemistry during sleep Gollwitzer-Meier and Kroetz 
(1924) found a decrease in protein, no change in bicarbonate, potassium, and 
calcium, and an increase m chlondes, phosphates, and sodium salts m the blood 
Haldane, Wigglesworth, and Woodrow (1924) confirmed the rise m phosphates, 
while Demole (1927) found a decrease m blood calcium, and Heihg and Hoff 
(1925) detected an increase m the calcium level. Campbell and Webster (1921, 
1922), Kleitman and Kroetz (1926), Kleitman (1923, 1925), Simpson (1924), 
Wordell (1924), and Font^s and Yovanovitoh (1923) showed that there was an 
increase in urinary aoidity, ammonia excretion, and phosphate excretion, though 
urinary ohlondes were d iminis hed during sleep These unnaiy changes may 
reflect as yet undetected blood changes occurring during Bleep 

Haemolysis in vitro is inhibited by sodium citrate 1 to 3 mg per c c , potassium 
oxalate 2 to 8 mg per o c , potassium cyanide 1 3 mg per c c , hepann 0 2 to 0 8 
mg per c c , and ‘liquoid’ 0 1 mg per c c (Dacie and Richardson, 1943 , Ham, 
1939) A change m the concentration of these substances in the plasma in the 
body might have a similar influence on the degree of haemolysis Changes m 
tho concentration of many of the ions found to have an effect in intro are 
present durrng sleep, and these changes rather than pH changes may be the 
salient faotor in the increased haemolysis during sleep 

Brendslrup's hypothesis of the primary cause Haemolytic crises are com- 
monly associated with upper respiratory tract infection, and Brendstrup (1941), ' 
who noted a reduction in haemolysis after tonsillectomy, suggested that anti- 
bodies formed against tho bacterial produots of focal sepsis sensitize the erythro- 
cytes to linemolysms normally present in the serum Unfortunately he did not 
specify tho organism /iresont in tho tonsils 

[QJ.M. New Bate No. 70] X 
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Haematology and chemical pathology There is usually a macrocytic normo- 
chromic nnnomm (hnomoglobin usually 6 to 8 gm per 100 c c ), noth moderate 
nmsocytosis and poikilocytosis, a mnrkcd neutropenia, and thrombocytopenia 
The red coll fragility' m liypotomo salino is within tlio normal range or only 
slightly' increased. During the phases of nctno haemolysis there is ansein 
senim-liilinibin with n positive indirect van den Bergh reaction Thensein 
bilirubin probably results from rod-cell breakdown, rather than circulation of 
freo haemoglobin m tlio plasma (Bushby', Kckwioh, Marriott, and Whitby, 
1010) Oxy haemoglobin and mothaomalbumin are present in tho serum 
Plasma proteins, urea, non-protein nitrogen, potassium, sodium, sugar, oreatine, 
calcium, chlorides, and cholesterol are normal Tho kidney’ function and renal 
blood flow are normal (Bradley, 1045) During tho crises the urine contains 
oxy haemoglobin nnd sometimes mcthnemoglobin, cither during periods of sleep 
only', or during tlio wholo day' with nocturnal accentuation Urinary crystals 
containing hacmosidcnn are often found in tho unno between the crises 


Morbid Anatomy 

Sixteen post-mortem examinations hnvo beon reported (Marchinfava and 
Kazan, 1011 , Biffis, 1915, Sisto, 1015, Panton, Mnitlnnd-Jones, nndRiddoch, 
1024 , Sald-n, 1027 ; Ennokmg, 1028 , Bnrta and GOrOg, 1929, Marohiafava, 1931 , 
Mioholi, 1031, Bcrgrnnrk, 1931, Eastwood nnd Smyth, 1032, Witts, 193 . 
Scott, Robb-Srmth, nnd Scow on, 1038, Ham, 1930, Amdal, 1040, Ham and 
Hornck, 1041 , Flynn, 1045). In a further 10 cases there has been a repo on 
tlio spleen removed at operation (Lascli, 1931 , Rosenthal, 19 3 -> ' 

1035, Hnmbmgcr nnd Bornstem, 193D, Com, Catton, Hamspo, an 
Boijen, 1037, IsrnCds nnd Wilkinson, 1038, Ham, 1939, Pierce and > 
1943 ; Dacio nnd Gilpin, 1044) Tho mam features in tho morbid anatomy 

been ns follows. , j n yo 

Thrombosis. Thrombosis in various parts of the body has been to 
post-mortem examinations, wlulo effects of thrombosis, such as hemiplegia, 
also beon noted during life No ono site appears to bo more prone to thro 
than any other. Tlirombosis has been the direct cause of death m at lea 
patient (Ennokmg, 1928) Two explanations could account for tbe&equ ^ 
or tlirombosis, firstly that thoro .. a roughenrog of the vessel 
ovidonco of roughomng of tho intuna has beon found in any of the tees* 
sectioned, rrhilo tho intraeonoue inject, on of pure haemoglobin 
thrombosis, and ecoondly th.t the thrombus u formed round . mdu > of > 
stroma in tho lumen of the vessels The atter spp^s the more pmbsU. 
and suggests that m the Marohiafava Mieheh syndrome eel] breakdown oeo 
m the circulating Mood , furthermore, smee thrombosis is found m any vessel 

abu r ., ~ 

theaverage weight has been 2,100 gm , the largest liver weighing 2,500 gm Th 
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liver liaa usually shown central zonal necrosis with thrombosis of small portal 
veins, congestion of the central veins, and commonly hyperplasia of the Kupffer 
cells which may contain haemoglobin derivatives Free iron is not usually 
present Similar changes have been produced experimentally in dogs and 
rabbits (Pearce, 1904 , Stephens, 1937 , DeGowm, Warner, and Randall, 1938) 
by the intravenous injection of haemoglobin, and have followed mismatched 
blood transfusion in human beings (Lemke, 1925, Lindau, 1928, Bordley, 
1931 , Goldnng and Graef, 1936 , Terplan and Javert, 1936) 

Spleen The size of the spleen has been normal in 60 per cent In the re- 
mainder the average weight has been 375 gm with the largest 840 gm The spleen 
has shown hyperplasia of the endothelial tissues and congestion of the pulp, 
normal Malpighian corpuscles, and no free iron 

Kidneys The kidneys were usually enlarged, with scars of old infarcts, and 
invariably an extreme siderosis of the convoluted tubules Similar ohanges have 
been found in dogs after intravenous injections of haemoglobin (Stephens 1937 , 
DeGowm, Warner, and Randall, 1938) and in human beings after mismatched 
blood transfusions (Landau, 1928 , Witts, 1929 , Bordley, 1931 , Terplan and 
Javert, 1936) 

The bone-marrow has shown a moderate degree of normoblastic hyperplasia 


The Haemoglobinuna 

Liohty, Havill, and Whipple (1932), DeGowm, Warner, and Randall (1938), 
and Monke and Yuile (1940), by the intravenous mjeotion of haemoglobin m 
dogs, found that the renal threshold could he gradually reduced to a lower value 
by keeping the blood levels continuously above the renal threshold Gilbgan, 
Altsohule, and Katorsky (1941) also found that when haemoglobin was injected 
into normal human beings there was an initial threshold of 130 to 150 mg per 
100 c o before haemoglobinuna occurred, but that as the plasma level fell later 
to a level of 30 to 60 mg per 100 o c the haemoglobinuna persisted These 
facts may explain why Ham (1939) could find no constant threshold for haemo- 
globmuna Yuile (1942) concluded that haemoglobin is excreted m exactly the 
same manner as other substances and that tubular haemosiderosis occurs during 
reabsorption Baker and Dodds (1925) showed m rabbits injected with haemo- 
globin that precipitation of excreted haemoglobin was reduced by decreasing 
the concentration of sodium chlonde and raising the pH above 6 They noted, 
however, that precipitation did not occur to any great degree in paroxysmal 
haemoglobinuna 


Treatment 

No cure has been reported and no treatment has so far been found that gives 
lasting improvement Many forms of treatment have been tned and the follow- 
ing have been found to give temporary benefit m individual cases The 
periodicity' of the disease renders assessment of any therapeutic procedure 
difficult 

Blood transfusions and other measures to combat anaemia The bone-marrow 
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needs adcqunto amounts of iron and Imematimo principle 'to replace tho con 
tinuous severe loss of red colls Although both liver and iron occasionally 
produco oxncorbnf ion of tho condition (Sega, 1938; Valho and van don Bergh, 
1930 , Hichoy ntul Malloy, 1018), they should bo given in full therapeutic dosage 
throughout tho course of tho disease Blood-transfusion often produces a 
temporary exacerbation of (ho liaomoglobinuna due possibly to a haemolysin 
in the plasma Recently Dncio (10-18), using transfusions of washed red cells, 
raised the haemoglobin ie\ cl of two patients to normal without temporary 
exacerbation, and produced a remission m tho haemoglobmuna for five weeks 
Transfusion should, however, bo reserved for severe haemolytic crises 
Administration of alkalies tn an attempt to change the blood pH Ham (1039) 
found an improvement, Buell and Mcttier (1041) found an exacerbation, and 
Amdnl (10-10) no improvement after alkalies Coso 1 of tho present senes did 
not improxo on alkalies 

Animal sera Griffin (1023) found improvement after injection of ox and 
horse serum, but Brcndstnip (1041) could not confirm this Hickey andMalley 
(1048) found (lint n transfusion of heated serum stopped tho baemoglobmuna 
for a penod of 30 hours 

Administration of ammonium chloride Amdnl (1940) and Brendstrup (1941) 
iinxo reported benefit, after ammonium ohlondo therapy, although »» ttfre 
haemolysis is increased in acid serum 
Parasympathomimetic drugs and adrenal extracts Hess (1929, 1932) suggested 
that sleep was a parasympathetic function Since hncmolysis increases during 
sleep, Hofifnnn and Krnchc (1943 a) tried tho effect of natural epinephrine and 
found a decrease in tho haemolysis Synthctio epincplmno was ineffective 
Parasympathomimetic drugs w ore therefore tned, nnd a decrease of haexno- 
globmunn for 24 hours nflcr an injection of Prostignune (1 c o of 1 in 400 solu 
tion at 0 p m and 3 n m ), esenno (0 7 mg at 9 p m nnd 3am), and pilocarpine 
3 mg v ns found In Case 1 (Fig 3) pdocarpino nitrate gr 1/10 (6 mg ) at 8 p-m 
and 2am w ns cffcctivo in clearing tho hnemoglobinuna, but owing to undesr- 
nblo side effects, find to he discontinued Although tho reason for this improve- 
ment is unknown, parasympathomimetic drugs seem worthy of further trial 
‘Focal sepsis ’ Brendstrup (1941) recommended removal of foci of sepsis 
during a remission, m viow of tho exacerbation of haemolysis associated wit 

infection , 

Hyperventilation Ham (1930) produced a decrease in baemoglobmuna tn 

artificial hyperventilation m a Drinker apparatus during sleep 

Substances which have no effect on tho condition are yeast, desiccated hog a 
stomach, Coagulon Ciba, potassium iodide, arsenic, calcium, peptone shock, 
many forms of nntisyplnhtic treatment, olive oil, autolysed yeast, high fluid 
intake at night, anti-malana therapy, ascorbio aoid, ultra-violet light, and 
continuous glucose feeding Intravenous ascorbic acid (Ham, 1939) and an 
inoculation with typhoid vaccine (Scott, Robb-Smith, and Scowen, 1938) have 
produced an exacerbation. 
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Course and Prognosis 

The disease is characterized by crises and remissions with a downhill course 
Twenty-one of the recorded patients were dead (the average duration of life 
from the time of onset to death was 6 6 years) Eleven died as the result of 
operation , six died from other apparently unrelated diseases, and four deaths 
may be attributed directly to the Marchiafava Micheh syndrome Of the 62 
living patients recorded, the report was made on an average six years after the 
onset of symptoms Rosenthal’s (1932) patient died as the result of splenectomy 
33 years after the onset of symptoms, and 13 of the patients lived for more than 
10 years The expectation of life after the onset is thus about seven to 10 
years Splenectomy seems to be contra-indicated Seven patients have died as 
a direct result of the operation, one death was probably accelerated by the 
operation , one died from a different and unrelated disease , 10 who survived the 
operation showed no change in their condition, clinically or serologically Thus, 
there is an immediate mortality rate of 40 per cent from the operation, whilst 
no one who has survived has been cured or demonstrably improved 


Diagnosis 

Two specific tests for the Marchiafava Micheh syndrome are now available, 
and in view of the diverse clinical features of the disorder at the onset and later 
m its course these tests should be performed m the diagnosis of this and any 
obscure haemolytic anaemia 

The acid serum haemolysis test [Ham, 1939) Venous blood obtained without 
haemostasis from the patient and a normal control of the same blood group is 
defibnnated with glass beads The cells are separated and washed three times 
m saline, and 6 per cent suspensions in saline of each are made One c c 
samples of the test cell suspension, and 1 c c samples of the control cell sus- 
pension are measured into each of eight tubes and are centrifuged. The super- 
natant saline is removed and discarded To the first tube of the test and control 
senes is added 1 o c of the test serum, to the second of each 1 c c of the control 
serum, to the third 0 96 o o of test serum and 0 06 o c of one-third normal 
hydrochloric acid, and to the fourth 0 96 c c of normal serum plus 0 06 c c of 
one-third normal hydrochlono acid The contents of the tubes are then mixed 
thoroughly, incubated at 37° C for one hour, then centrifuged, and finally 
examined for haemolysis None of the tubes containing normal cells should 
show haemolysis In a positive test all the tubes containing the patient’s cells 
will shoe haemolysis, which is moderate with unacidified patient’s serum or 
control scrum and marked in the tubes to which acid has been added 
The heat test of Begghn and Hater (1941, 1944) Five c c of the patient’s 
blood in a clean, dry tube under paraffin is allowed to clot in the incubator at 
37° C , and the degree of haemolysis measured at six and 24 hours by any con- 
venient method In the Marchiafava Micheh syndrome the degree of haemolysis 
at six hours exceeds 600 mg of haomoglobm per 100 c c of blood Normal cells 
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Bhow hardly any hncmoly-sis, whilst tho maximum in other haemolytic disorders 
is less than 100 mg nnd usually below 00 mg per 100 c c 

Tho following haomolytio disorders may give difficulty in diagnosis if the 
Bpocifio test for tho syndromo is not performed, for in tho early stages it may 
simulate any haomolytio disease congenital haemolytic anaemia (acholnno 
jaundice), syphilitic pnroxysmal linomoglobmuna, march haemoglobmnna, 
acute idiopathic hnemolytio anaemia (Lcdercr), transfusion of incompatible 
blood, nnd toxaemia duo to various poisons Mackenzie (1020) has reviewed the 
chemical substances that may causo a hnemolytio anaemia of sufficient seventy 
to cause a haomoglobmuna 

Summary 

1 Three cases of tho Marohinfava Michch syndromo are reported in detail, 
bringing tho total numbor of patients reported to 70 A review of the literature 
is gnon 

2 The disease is not hereditary, nnd is characterized by a haemolytic anaemia 
with bouts of linomoglobmuna occurring mnmly whilo tho patient sleeps The 
primary abnormnhty lies m tho red cells, w hich undergo lysis by n thermolabile 
fraction of normal scrum Tho haemolysis is sensitive to changes m pH, and 
may be inhibited in vitro by tho prcsonco in tho plasma of the following sub 
stances sodium oitmto, potassium oxalate, potassium cyanide, and heparin 
Tho concentration of tho ions of some of theso substances changes during sleep, 
and thc«e changes rather tlinn pH changes may bo responsible for the nocturnal 
character of the haomoglobmuna 

3 No euro for tho disease is known, but tho vnluo of pdocarpme mtTate 
reported by' somo authors lias, in our expenonco, been confirmed The course 
is irregularly' downlull over a penod of about seven to 10 years, with death 
usually from mtercurrcnt infcotion Splenectomy is contra -indicated , the opera 
tion has a mortality of 40 per cent and has never been reported as effecting 
a euro 

4 Since at tho onset the disease may present as a hnemolytio anaemia with- 
out haomoglobmuna, tho necessity of performing the speoifio serological tests 
for this discaso in any obsouro haomolytio anaemia irrespective of the presence 
of haomoglobmuna is stressed, and the two tests available are described in 
detail 

I wibIi to express my thanks to Sir Lionel Whitby for his veiy valuable help 
in the preparation of this review, to Professor R Scarff for permission to publish 
tho results of investigations earned out in the Bland-Sutton Institute of 
Pathology, and to Dr G E Beaumont, Sir Gordon Gordon-Taylor, and Pro- 
fessor A A Mononeff for permission to publish details of their cases The work 
was done during the tenure of an Elmore Research Studentship 
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THE OCULAR MANIFESTATIONS OF POLYARTERITIS 

NODOSA 1 

By R N HERSON and R SAMPSON 
With Plate 17 

Though a wider knowledge of the mam olmical features of polyarteritis nodosa 
is enabling a correct diagnosis to be made dnnng life with m creasing frequency, 
the disease is protean and many difficulties arise Little attention has been 
drawn to the help which may be obtained by careful and repeated examination 
of the fundus of the eye Since Sampson (1946) made ophthalmic observations 
m a case of polyartentis nodosa, three further cases with similar eye signs have 
occurred within our knowledge, and m the present communication we shall 
attempt a review of these four cases 


Case Reports 

Case 1 An airman, aged 20 years, was admitted to a Royal Air Force hospital 
on July 7, 1943, with generalized dome convulsions There was no past history 
of fits, but during the preceding two months he had had recurrent headaches 
and aohing pains in the abdomen Examination of the chest Bhowed scattered 
rhonchi There were no abnormal physical signs m the heart and the blood- 
pressure was 150/100 A patch of oedema was found over the lumbar spine 
His white blood count was 13,200 per c mm , with a normal differential count 
Tho urme contained a trace of alb umin The blood Wassermann reaction was 
negative, and the cerebrospinal fluid normal On July 9 he had further con- 
vulsions Thereafter he complained intermittently of pains in the abdomen, 
muscles, and joints, and showed irregular fever with tachycardia By July 20 
the blood-pressure had risen to 180/120, but the systolic reading fell later and 
varied between 140 and 160 throughout the rest of the illness The blood-urea 
was 26 mg per 100 o c and the erythrocyte sedimentation rate 22 mm in one 
hour All other investigations were negative At the end of August a nodule 
removed from the right biceps was found to be an organized thrombus He was 
emaciated and his condition had deteriorated The haemoglobin had fallen to 
9 9 gm per 100 c c , while the white blood-cells had risen to 15,400 per c mm , 
still with a normal differential count Early in September he developed noo- 
tumal dyspnoea An apical presystohe gallop rhythm was heard and a tele- 
radiograph showed cardiac enlargement and pulmonary congestion The urine 
contained a heavy cloud of albumin, a few hyaline and granular casts, and a 
modorato number of red and white blood-cells The erythrocyte se dim entation 
rate was 04 mm m one hour On September 15 a senes of dome convulsions 
occurred, followed by unconsciousness In spite of treatment the pulmonary 
oedema increased, systemio congestion developed, and he died on October 10 
Pathological examination demonstrated polyartentis nodosa affecting artenes 

1 Hcccued October 29, 1948 
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m nil systems, nml particularly tho coronary arteries Thoro were infarcts in 
both ladncys 

Ophthalmoscopic o\nnnn«tion was ninde Into rn tho disease, four weeks before 
death At tho first examinat ion of tho fundi n largo globular retinal detachment 
of cxudntn o ty fx> it tin seen m tho loft o\ e, and soi oral smallor shallow detach 
inonts in both oy cs There were no mtrnrolinnl exudates and no haemorrhages, 
and tho retinal vessels npjioarcd normal An interesting feature was the 
pres once of a number of small yellow isli-white nodules honcath areas of greyish 
oedomatous retina in both fundi near and lateral to tho maculae Subsequent 
obseriatioiis made during tho remaining tlireo weeks of life revealed a con 
stantli changing picture, tho choroidal nodules gradually being transformed 
into white, lightly pigmented scars Detachments of tho retina appeared m 
various parts of the fundi and then rapidly became absorbed, tho largest in a 
fortnight Retinal oedema caused blurring of tho edges of both disks, and both 
maoulno at ono time lost their usual reflexes from the same cause, but just before 
death the ophthalmoscope did not show any nbnormnlitics other than the white 
sears in tho situation of the choroidal nodules 

Histological examination of tho oyes, kindly performed by Professor A J 
Bnllnntyno, mndo it clear that wido areas of shallow subrctmal exudate still 
oxisted post mortem. Many of the choroidal v essels bad thickened walls, and 
somo had a hyalino character Ono cicatricial nodulo, apparently due to 
organization of a thrombus in a largo v csscl, occupied tho entire thickness of the 
choroid Tho rotmnl vessels were unaffected except for hyahmzation of their 
walls in tho papillae 

Comment. Tho ophthalmic appearances nro those of tho exudative phase of 
choroidal arteritis in the absence of nlbummunc retinopathy. 

Case 2 3 An airman, aged 31 years, under treatment for syphilis received 
5 85 gm of ncoarsphonnmino and 2 4 gm of bismuth botween February an 
May, 1015 Arsenical treatment was then stopped on account of sovore jow 
pains, but tho bismuth was continued During August ho w'ns given 0 3 an 
0 4 5 gm of ncoarsphonnnunc, and after tho second dose complained of severe 
opignstnc pnm, aching in the legs, and fleoting pains m tho joints Examine ion 
showed thnt there had been considerable loss of weight and that he was ten e 
in the epigastrium Pcspito treatmont Ins abdonunnl pain increased A ban 
monl, gnstno analysis, occult blood tests, and tests for pancroatio function were 
all negative The corcbrospmal fluid was normal and tho erythrocyte seamien 
tat ion rnto 8 mm m one hour Occasionally bis evening temperature rose to 
00° F A generalized opdoptic fit followed by severe headache and vomiting 
ocourrcd on Soptcmbcr 14, and lus blood-pressure was found to be 210/ w 
Radiological examination of tho skull, chest, and abdomen, and blood chemistry 
wore not infornmtiv o At this tuno tho leucocyte count had risen to I0,0UU per 
c mm and albumin and occasional red and white cells were found m the unne 
Within a fow days tho margins of tho 1 oft optic disk became blurred and asm 
haemorrhage appeared m tho return On September 20 a senes of epileptic W* 
were followed by prolonged coma On recovery the knee and ankle reflexes 
could not bo obtained The erythrocyte sedimentation rate was 46 mm m one 
hour white blood count 32,000 per o mm , and the differential count normal 
The ’hypertension and albuminuria persisted Gross ophthalmoscopic aD 

5 This case was firet described by Miller and Nelson m a letter in the Lancet of 
March 23, 1940, and wo ore indebted to them for permission to follow olosely their 
report of tho general olinioal features 
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normalities became evident on October 2 Over large areas of both fundi the 
characteristic retinal reflex -was lost, suggesting shallow subretmal exudation, 
and in several areas retinal detachments could be seen Here and there, mostly 
adjacent to the maculae, deep mtraretmal exudates and a few haemorrhages m 
both the superficial and deep layers of the retina appeared, and the disks became 
blurred by oedema The detachments varied from time to time both in position 
and extent, an interval of three or four days sufficing to produce a new oph- 
thalmoscopic picture By October 10 there was more evidence of affection of 
the retina itself, haemorrhages and exudates appeared m the neighbourhood 
of the vessels, and one very small arterial twig became occluded On October 20 
the characteristic picture of an albuminuric retinopathy was established, and 
the retinal detachments had all hut disappeared A diagnosis of polyarteritis 
nodosa was confirmed by examination of a biopsy specimen, of calf muscle 
Weakness and cachexia became severe and death occurred on October 30 
Autopsy showed acute and subacute polyarteritis nodosa involving the kid- 
neys, mesentery, peripheral nerves, and skeletal muscles, but Bparrng the central 
nervous system As m Case 1, we are indebted to Professor A J Ballantyne 
for a report on the pathology of the eyes, and the following are the salient 
features The retinal changes were similar to those found in renal and hyper- 
tensive cases No macular star was seen, but there were granular fatty exudates 
mostly localized near the macula Subretmal exudate was present m great 
quantity and resembled the appearance seen in severe retinopathy of preg- 
nancy No changes were seen in the central vessels of the retina In the choroid 
one vessel was found with a thick hyaline, and probably fatty, wall, and another 
vessel had its lumen filled with proliferated endothelium 

Comment This case corresponded very closely to Case 1 In the early stages 
subretmal exudate a were the most striking feature, whereas the retinal involve- 
ment as evidenced by haemorrhages and ‘woolly’ exudates was muoh less than 
is usually found m malignant hypertension or in albuminuria of pregnancy 
which the retinal detachments call to mind 

Case 3 A 35-year-old dock labourer, with no significant past history or 
family history, began to complain of pain and weakness of the legs in March 
1946, and soon became unable to stand About 10 days later he experienced 
parasthosiae m the right hand, and flexion of the fingers and wrist became 
feeble After a further three days his left fourth and fifth fingers felt dead and 
movements of the left hand were weak Slowly other muscle groups m the 
upper limbs beca-me affected, and bis general condition deteriorated He was 
admitted to Southmead Hospital on May 6, 1946 He was wasted and his skm 
pigmented the retinal artene3 were narrow and the veins slightly dilated 
The heart size and sounds were normal There was no venous engorgement or 
hepatic enlargement, and the lungs were clear The blood-pressure was 210/ 
140 , tlio brachial and radial artenes were thickened and tortuons There was 
severe asymmetrical weakness and wasting of the muscles m all four limbs and 
glove and stocking anaesthesia The unne contained a trace of albumin and 
an excess of urobilinogen , occasional red and white blood-cells and a few hyaline 
and granular casts were found in the centrifuged sediment A blood count 
showed red cells 4,070,000 per o mm , haemoglobin 98 per cent , white cells 
10,200 per c mm , and a differential count of neutrophils 79 per cent , lympho- 
cytes 16 per cent , monocytes 4 per cent , eosinophils 0 5 per cent , and basophils 
0 5 per cent Tho erythrocyte sedimentation rate was 60 mm in one hour the 
blood Wassormann reaction negative, and the cerebrospinal fluid normal The 
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combination of wasting, tachycardia, loucocytosis, hypertension, red cells and 
casts in the urinary sediment, and the asymmetry of the weakness and wasting 
of the muscles of tho limbs strongly suggested polyarteritis nodosa From May 
7 to Juno 4 Ins ovemng temperature varied between 08 0° and 100° P , there- 
after it remained practically normal, although tho pulse seldom dropped below 
00 and frequently reached 120 The leucocytosis persisted, but eosinophils 
never formed more than 1 per cent of tho total Tho tcleradiograph and electro- 
cardiogram remained normal On May 23 slight generalized adenopathy was 
found Four days later ho complained of blurred vision m tho nght oye, and 
retinal oedema and a shallow detachment nonr the ora serrata wore found 
On Juno 1 1 tho vision in tho loft eye was hnzy, and the retinal picturo resembled 
that of tho right eye Tho appearance of tho fundi on June 18 is shown in 
Pinto 17, Fig 1 Bilateral retinal oedema and exudative dotachments involving 
tho lower half of each retina were seen The margins of tho disks were blurred 
and tho arteries narrow cd A short distance from tho disk margin on the lower 
right temporal artory there was a small swelling surrounded by haemorrhage 
Tho \ csscl boj ond tlus point w ns oxtromoly narrow Hillocks of white choroidal 
oxudnto w cro seen There w cro scattered haemorrhages In the lower temporal 
quadrant of tho left fundus a short distance from tho disk there was a white 
sear with pigmonted bordors and small haemorrhages along its upper and lower 
edges Mr Anthony Palm confirmed these findings At this timo, apart from 
the v isual disturbance, tho patient was complaining of backache His slon was 
dry and scaly and show cd increasing pigmentation His legs were very wasted 
By Juno 2G tho dotachment of tho loft retina had decreased considerably while 
that in tho right had increased It was difficult to make out tho nodule on the 


nght low cr temporal artery as it had decreased m size and become partially 
luddon by surrounding oedema Fivo days later an artery obliterated by clot 
w ns scon a short distnneo from tbo loft disk margin Fresh areas of exudate had 
nppeared in both oyes On July C a nodulo was found on a branch of the left 
low cr temporal artery with narrowing of the vessel beyond Oedema of the 
disks and rotrnao had increased and there were fresh haemorrhages and nume- 
rous pigmented choroidal scars By July 1 1 the ponartenal nodulo in the nght 
ovo could no longer bo scon Its position was marked by an almond-shaped area 
of haemorrhage, and tho vessel on which it arose wus not visible The nodule 
m tho loft oye w as partly obscured by a small haemorrhage in and around it, 
and tho vcssol beyond it was obliterated Continuous with the nodule there 
w ns a largo w lute area of oxudnto mottled with haemorrhage Some of the 
previous exudates and haemorrhages had been absorbed and fresh ones had 
appeared Tho detachment in the nght eye w as slightly smaller, and that in 
tho loft oyo was no longer visible Tho blood-pressure was 205/130, and the 
liver just palpable Voluntary flexion of the fingers of tho left hand and exten- 
sion of tho loft elbow had improved, The urinary sediment still contained a few 
red blood-cells and hyaline and granular casts The blood-urea was 30 mg per 
100 o c , and tbo urea clearance 71 per cent of normal in the first hour and 51 
per cent m tho second hour Tho total serum-protein was 0 6S gm per 100 c o , 
the albumin-globulin ratio 1 1 08, free cholesterol 71 mg per 100 c c , and 
cholesterol esters 103 mg per 100 c c On July 17 he was seen again by Mr 
Anthony Palin who found diffuse multiple haemorrhages and plaques of exudate 
m both retinae There were patches of arfcenal thrombosis, and, where the 
vessel concerned was a large one, there was retinal ischaemia distal to the block 
Tho nght detachment still ballooned out over most of both mfenor quadrants 
On July 21 he started to vomit after meals and to complain of frequent occipital 
headaches radiating down the back of the neck These symptoms beoame pro- 
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gressively more troublesome By July 29 be whs cachectic and very weak. 
Retmal oedema was marked, and exudates and haemorrhages were scattered 
profusely over both fundi The left detachment had increased and the right had 
decreased The blood-pressure was 195/130 On the evening of August 1 he had 
two epileptiform convulsions After three further fits early m the morning of 
August 2 he died 

Comment As m Case 1 the mam ophthalmosoopic findings before the terminal 
stages were transient retmal detachments and tubercle-hke choroidal lesions 
which disappeared after some dayB, leaving white pigmented scars In this case 
direct evidence of arteritis of the retmal vessels, with aneurysm formation on 
two of them, was obtained 

Report of Pathologist (Dr Norman McLetchie) The typical naked-eye appear- 
ances of polyarteritis nodosa were present, affecting m descending order of 
seventy the following vessels the mesenteno vessels, the branches of the 
renal artenes from the pelves of the kidney into the renal substance, the 
branches of the hepatio artery, the coronary artenes and their branches, and 
the branches of the splenic artery m the pulp near the hilum The vessel walls 
between the nodules and m unaffected branches did not show any conspicuous 
abnormality, and the changes noted in longstanding hypertension m vessels 
just within the range of naked-eye vision were not present Histologioally the 
small artenes presented a great vanety of lesions, including focal destruction 
of the elastic and muscular coats leading to fibrocellular nodule formation, 
thromboses, aneurysms, and the formation of ouffa of fibrin in the adventitial 
region, apparently from the dilated penadventitial capillanes The artenoles, 
including those m the choroidal coat of the eye, showed focal acute necrotizing 
lesions, often indistinguishable from those in malignant hypertension In some 
the vessel was dilated, the wall being necrotic and replaced by a nng of in- 
spissated fibnn, though the intima was still intact In others the lumen was 
almost obliterated by an oedematous swelling of the vessel wall and fibnn 
infiltration The affeoted areas were surrounded by a zone of interstitial oedema, 
round-cell infiltration, and exceptionally fibnn infiltration A few thrombotic 
lesions of small veins were found, with distension and destruction of the walls 
These were encountered in the boundary zone of the kidney, the portal traots, 
and the choroidal coat of the eye They were exceptional relative to the arterial 
damage 

Right eye Only the posterior half could be examined In addition to a gross 
retmal detachment there was extensive oedema of the choroid with fibnn 
deposition in the mterstitiuni and in the chono-capillary bed In the sections 
examined, ono artenole of the choroid showed a nodular expansion consisting 
of groat dilatation of the lumen which was empty of blood, and complete fibnn 
infiltration of the wall (Plate 17, Fig 2) The vessel was surrounded by a zone 
of oedema, round-cell infiltration, and fibnn deposition with foci of necrosis 
At the same level a lesion of similar type was present in a venule There was 
also a layer of fibnn outside the layer of rods and cones In the retina there 
wore numerous small foci of fibrinous exudate and a few small focal haemo- 
rrhages Some venules were dilated and surrounded by oedema and round-cell 
infiltration In the many sections examined no nodular lesions were found in 
the retmal vessels corresponding with those seen in life 

Comment The pathological changes were thus those of polyarteritis nodosa 
A remarkable feature, considering the extensive mvolvement of vessels in an 
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obliterating or near-obliterating process, is the absence, except for small recent 
areas m the spleen, of infarction No doubt this was due to an extensive 
development of collateral channels Suoh a process would require time to 
develop Secondary to this, hypertension had supervened with a malignant 
termination. Whilo tho nodular lesions of small arteries properly belong to the 
morbid process of polyarteritis nodosa, mnny of the acute lesions in small 
vessols are not to bo distinguished from those of mnhgnant hypertension, though 
it is probable that tho ono shown in Plate 17, Fig 2, belongs m part to the poly- 
arteritis nodosa process sinco tho lntimn is still intact despite tho seventy of 
tho lesion 


Case 4 An airman, aged 24 years, was admitted to Snow don Road Hospital 
on January 1, 1047 After tho detection of soropositive asymptomatic syphilis 
1 1 months previously, ho had been given 2 4 mega units of penicillin in seven 
days, and tlion o\cr a period of 12 months 5 58 gm of neoarsphennnune and 
2 0 gm of bismuth No further treatment was given until November 29 
Hctwcon that dnto and December 18 lie received 0 30 gm of mapharside and 
2 4 gm of bismuth Two w eohs after tho second course of organic arsenic and 
bismuth ho complained of loss of appetite and pain in tho right hvpochondnum 
and epigastrium Iiis temperature was found to bo 101 1°F and he was ad- 
mitted to hospital Ho was then very tlun, having lost four stone in the pre 
ceding soven months He u ns not jaundiced, but tho liver was just palpable 
and tender There was a gradual improvement, and by' January 25 ho was 
getting up On February 0 he had a small haemoptysis At 12 10 a m on the 
follow mg day he complained of dyspnoea and sovero pnm in tho procordial 
region On examination ho w ns pale and sw eating The neck veins were dis- 
tended, tho apex beat was diffuse and not easily detected, and tho cardiac dull- 
ness was increased to tho left Pulsation could bo felt in the second left space 


near the sternum, the heart was beating regularly at the rate of 130 a minute, 
gallop rhytlim was audiblo at the apex, the pulmonary second sound was 
accentuated, and all oxer tho prnccordmm there was a continuous friction rub 
Tho blood-pressuro was 150/115, and alternation of the pulse was present 
There w as dullness at the right lung base with diminished air entry, and crepita- 
tions w ere heard over both low er lobes Tho liver w as enlarged and tender Tho 
urmc contained albumin, and red cells and casts were seen in moderate numbers 
in tho centrifuged doposit The leucocytes numbered 10,300 per c mm , of 
winch S3 per cent wore neutrophils, 10 per cent lymphocytes, 6 per cent 
monocytes, and 1 per cent eosinophils Tho blood-urea w as 54 mg per 100 cc 
and tho Wnssormann reaction of tho blood strongly' positive The cerebrospinal 
fluid was normal and not under increased pressure Tho pain in the chest 
gradually passed off On February 13 patches of erythema developed on both 
liypothenar eimnonces, but no nodules could be found The fundi wore exa 
mined by Sir Ramsey Gordon on February 16 , the edge of the right optic disk 
was blurred and a haemorrhage was situated near its margin, the retmai 
arteries wore oxtromoly narrow A whitish sheath of these vessels near their 
ongm was considered possibly to be a congenital peculiarity Towards the peri- 
phery of both fundi numerous old choroidal pigmentary changes were seen 
A week later both disks were much congested and the edges blurred Ihere was 
no measurable swelhng of the disks beyond about 1 5 diopters Haemorrhages 
wore seen near the right disk In both eyes there were many scattered rounded 
patches of yeUowosh-white colour with indefinite edges, suggesting active areas 
of choroiditis The friction mb disappeared and the areas of erythema laded, 
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but the signs of heart failure increased in spite of treatment with digitalis The 
eyes were re-exa mine d on March 2 There was severe papilloedema and oedema 
of the retina The pigmentary deposits were more evident In the lower part 
of the fundus of the right eye near the periphery there was a small area of retinal 
detaohment and m the lower part of the left eye there were two large retinal 
detachments The patient did not complain of his sight By March 9 the 
patient was wasted and weak , the skm was pigmented and sweated excessively 
The apex beat could be felt m the anterior axillary line and an X-ray confirmed 
gross cardiac enlargement Gallop rhythm and pulsus altemans were present, 
and the signs of pulmonary and venous congestion had increased The blood- 
pressure was 170/140 The reflexes were normal The lencooytes numbered 
21,200 per c mm When Mr Garden again saw the fundi on March 16 the 
detachments had practically disappeared Many of the exudates had been 
absorbed and replaced by coarse deposits of pigment , no fresh exudates had 
appeared Macular pigmentary changes were seen Oedema steadily increased 
and by March 26 was massive At this time he was very weak and drowBy The 
leucocytes numbered 13,000 per c mm with neutrophils 71 per cent , eosinophils 
2 per cent , lymphocytes 26 per cent , and monocytes 1 per cent The blood- 
urea was 62 mg per 100 c c The total serum-protein was 6 01 gm per 100 c c , 
of which 1 21 gm per 100 o c was albumin and 3 36 gm per 100 o c was globu- 
lin Albumin, red cells, and casts were still found in the urine, and urobilinogen 
was present in a dilution of 1 in 90, as estimated by the method of Wallace 
and Diamond The fundal appearances were unchanged The pulse ranged 
between 90 and 120 per minute, but except for a very occasional rise of tempera- 
ture to 100° F he was afebnle On April 11 papilloedema was noted to be 
subsiding Generalized fits began to ocour and he died at the end of the 
month Pathological examination showed polyarteritis nodosa in all organs 
Unfortunately the eyes were not examined 

Comment Again the mam ophthalmoscopio findings were transient retinal 
detachments and choroidal lesions whioh ended m the formation of pigmented 
soars 

Discussion 

The ophthalmoscopic signs m all four cases began with blumng of the edges 
of the disk and one ox two small haemorrhages adjacent to it Soon afterwards 
wide areas of rotmal oedema appeared and detachments of the retina of various 
sizes occurred, with a tendency to spontaneous recovery, sometimes in less than 
two weeks The fluctuating nature of these exudative detachments can be 
correlated with the known transient nature of the localized areas of oedema in 
other situations In three of the cases nodules of choroiditis were found, soon 
progressing to scar formation In Case 3 the retinal arteries were directly 
affected by the polyartentic process, and it was possible to observe as they 
occurred the typical sequence of arteritis, obstruction of the lumen, aneurysmal 
dilatation, and scar formation Unfortunately none of the pathologist’s sections 
happened to pass through the affeoted retinal vessel In two of our cases the 
choroidal nature of the ophthalmoscopic picture became obscured and almost 
obliterated by the retinal changes associated with malignant hypertension, 
which arc the ocular signs most commonly described in the recorded cases of 
polyarteritis nodosa 

[q JUl new 8<rfe* Ko. TO] K 
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An exact correlation of tlio ophthalmoscopic and histological appearances is 
rendered difficult by the scarring of tho nodules of choroiditis before death in 
all our eases, and tho only confirmation that wo w ore indeed observing choroidal 
polyarteritis is tho repeated discovery of late lesions of tho choroidal vessels 
Clinically, however, tho pioturo no liavo dcsoribed is exactly what we shonld 
expect to 8Co during tho acute stages of these lesions, and thoir occurrence at 
any timo m tho course of an illness presenting so many diagnostic problems 
should bo of great vnluo to tho physician Wlulo nodules of choroiditis and 
retinal dotaoliroonts occur in other diseases, thoir rapid onset and retrogression 
and changing location over tho fundi nro features which appear to bo character- 
istic of polyarteritis nodosa It is their clinical course rather than thoir presence 
which is most suggestive, and necessitates oloso observation over a period of 
weeks 

Tho fundus may bo affected in polyarteritis nodosa either indireotly by the 
ofTcots of hyportonsion or directly by tho involvement of tho choroidal and 
retinal vcssols Thoro nro but few published coses whore more than the ordi- 
nary hyportonsivo retinopathy has been seen, in spite of tho frequent reports 
by pathologists of polyarteritis of tho choroidal vessels BOck (1932) reported 
having seen progressive total detachments attributed to ohoroidal poly- 
arteritis which bocamo rc-attachcd spontaneously with improvement in the 
general condition In Goldstom and Woxler’s (1937) case there was bilateral 
optic atrophy, with considerable pigmentary disturbance, which at autopsy 
was found to ho tho result of involvement of the ciliary and choroidal vessels 
Occlusion of tho central retinal artery has been seen once (Bomstem, 1935) The 
only report wo have been able to trace of aneurysm formation on a retmal artery 
observed oplithalmoscopically is that of Goldsmith (1940) In this case there is 
no reference to the clinical observation of choroidal polyarteritis, although the 
pathologist found tho choroid irregularly thickened by inflammatory vascular 
changes and tho retina partially detached with serous oxudato beneath It has 
boon our oxpcnonco that more subretinal exudate has been found by the 
pathologist than was suspected from clinical observation , the fluid may be so 
w ldesprcad and shallow that the ophthalmoscope does not readily detect it Re 
presence, however, can bo suspected from a peouliar loss of the choroidal reflex. 

Until tho fundi are thoroughly examined with the pupil dilated m a suffi- 
ciently largo series of cases, it would be idle to speculate on the frequency of the 
ooular signs of direct involvement of vessels In the majority of the many re- 
corded casos of polyarteritis nodosa there is only passing reference, if even that, 
to tho o yes, and this may be due to the comparative mildness of the symptoms 
produced by such gross eye lesions, amounting in our cases to no more than 
slight mistiness of vision We can only record that in our very limited acquain- 
tance with this disease, amounting to a total of six or seven cases within the last 
three years, we have observed these eye changes in four 

The prognostic significance of the ocular findings appears to be grave The 
average duration of life m our four cases was just over six weeks after the dis- 
covery of the first eye signs 
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There is much evidence which suggests that polyarteritis nodosa should be re- 
garded as a non-specific reaction on the part of small vessels to a large variety 
of antigens The ophthalmoscope can hardly be expected to throw any light 
on the aetiology of this bizarre condition, but necroti zin g inflammatory lesions 
of the choroidal vessels have been reported m streptococcal septicaemia 
(Fnedenwald and Rones, 1931) and in gonococcal endocarditis (Helpem and 
Trubek, 1933) In the former case nodular choroidal exudates were seen during , 
life In the related syndromes of disseminated lupus eiythematosus, dermato- 
myositis, and Libman Sach’s disease, although it is the retinal rather than the 
choroidal vessels which are direotly mvolved, there are, as is only to be expected 
from the analogous nature of the conditions, occasional reports of fundal 
appearances somewhat similar to those described by ub Miller and Nelson 
(1945) have implicated organic arsemcals as possible sources of sensitizing 
antigen leading to the development of polyarteritis nodosa, and m this con- 
nexion it is of interest that our Cases 2 and 4 had had courses of this class of 
compound. 

It is helpful to consider the eye changes in polyarteritis nodosa with those 
found m temporal artentis, where the common lesion is an occlusion of the cen- 
tral retinal artery No ohoroidal damage or retinal detachment has been described 
in temporal artentis, and although the retinal vessels are direotly affected by the 
disease, no aneurysms have been seen. Ocular involvement, although productive 
of grave symptoms, seems to have no bearing on the prognosis, which is usually 
favourable as regards life There are great sun dan ties between the two patho- 
logical processes, but since temporal artentis affeots older patients, it may be 
that the retinal vessels are more vulnerable for that reason The relative fre- 
quency of choroidal lesions in polyartentis nodosa is due probably to its pre- 
dilection for vessels of medium size, and to there being a greater number of 
such vessels in the choroid than m the retina 


Summary 

Ophthalmoscopic observations m four cases of polyartentis nodosa, which 
came to autopsy, are desenbed On the basis of our findings an attempt has 
been made to delineate and discuss the significance of the fundal appearances 
considered to be characteristic of polyartentis of the choroidal and retinal 
vessels 

Wo wish to thank Dr A J Ballantyne and Dr Norman McLetchie for the 
autopsy reports, and Mr Anthony Palm and Jlr Ramsey Garden for their 
reports on the eye condition m Cases 3 and 4 respectively Our thanks are also 
duo to Dr Phillips, Medical Superintendent, Southmead Hospital, Bristol, for 
permission to publish Case 3, and to Dr McLachlan for per mis sion to publish 
Case 4 Air-Vice-Marshal P C Livingston, Director-General, Royal Air Force 
Medical Services, lias kindly permitted the publication of the first two cases 
Tlio fundal paintings arc the work of Miss Dulcie Pillars Tho section of the 
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choroid was photographed by Mr S A, Edwards and coloured by Dr Norman 
MoLctchio 
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CUSHING’S SYNDROME AND THYMIC CARCINOMA 1 
By DOUGLAS HUBBLE 
With Plates 18 to 20 
Introduction 

In 1931 Teel reported the first example of a syndrome with a complex sympto- 
matology associated with a basophilic adenoma of the pituitary Gushmg (1932) 
quickly followed with a desonption of 12 similar cases, 11 of which were 
collected from reports of other workers m America and Europe In some of 
these cases a basophiho adenoma was discovered and it was to an excess of 
basophilic secretion that Cushing attributed the syndrome His paper was 
accepted as a tnumph of deductive reasoning and its author was immediately 
accorded eponymous distinction m all medical indices There are some para- 
graphs m this classio artiole to which little attention was given at the time, but 
whioh illustrate well the soundness of Cushing’s judgement Eor example, he 
wrote ‘ And if the acidophilic adenomas of acromegaly inevitably cause hyper- 
plasia, not infrequently associated with actual adenomata of the adrenal cortex, 
it is reasonable to assume that basophiho adenomas may well enough do the 
same Hence if further study should prove that adrenal tumours m the 
absence of any demonstrable change in the pituitary body may cause a poly- 
glandular syndrome in many respects similar to that under disoussion it may 
well enough be assumed that, when the Bame features characterize the syn- 
drome of a basophiho adenoma, they m all probability are secondarily ascnbable 
to a hypersecretory influence of adrenal cortex even in the absence of any 
histologically appreciable abnormality . ’ 

It will be seen from this quotation that Cus hing , even while describing the 
new syndrome as associated with a basophil adenoma, anticipated the modem 
view that its features were directly caused by hypercorticism Hypercorticism 
will bo used in the present paper to denote an excessive secretion of hormones 
from the adrenal cortex There are many other words used embodying the same 
notion This term is both simple and short, it describes function and does not 
dogmatize on structure, and it is in keepmg with traditional endocrine nomen- 
clature, as hypertliyroidism Cushing wrote of ‘ the absence of any demonstrable 
change in the pituitary ’, but the next considerable advance m our knowledge 
of this Byndrome was provided by Crooke (1936), who was able to demonstrate 
that there was m Cushing’s syndrome an invariable change m the basophil cells 
of the pituitary Tins change, which is known ns hyahmzation, is characterized 
by swelling of the cells, ballooning of the nuolei, disappearance' of basophilic 

1 Received December 2, 1948 
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granules, and hyalmwation of the cytoplasm Tlio chango was demonstrated by 
Crooko in 12 cases of Cuslnng’s syndrome, six cases with a basophilic adenoma 
of tho pituitary, two with an adrenocortical caromoma, one with adreno- 
cortical hyperplasia, and tlireo cases of thymic carcinoma Tho significance of 
tlio chango is discussed below During these few years tho pituitary origin of 
Cushing’s syndromo was receiving much support, but a few observers, especially 
Bnuor (1030) and Kepler, Konncdy, Davis, and Walters (1934), had stressed 
tho importance of tho adrenal cortex m its pathogenesis Erom then on a steadily 
increasing knowledge of tho adrenocortical hormones reinforced their ideas 
Anderson and Haymaker (1937) reported that extracts of the blood and unne 
of patients with Cushing’s syndrome prolonged tho lives of adronaleotomized 
rats be} ond tho survival-period of untreated controls, while the unne of a 
C-yoar-old girl with virilism showed no significant amount of cortin-like 
substanco It was Haymaker and Anderson (1938) too who, in a long review of 
thoso adrenocortical syndromes, elaborated tho theory that the syndromes 
could bo reasonably divided into tv o groups (1) tho adrono-gomtal syndrome, 
associated with virilism m girls and women and with macrogenitosomia praecox 
m boys, related to an oxccssivo production of androgens, and (2) the adreno- 
cortical or Cushing’s syndrome, with its characteristic features, related to 
oxccssivo production of ‘cortins’ Although the distmotion ib not absolute, 
sinco thcro nro many examples intermediate between tho two syndromes— 
virilism in w omen, for oxamplo, associated with hypertension or glycosuria, and 
cases of Cushing’s syndrome showing skin changes which arc now associated 
with androgen excess — yet this concept received support when biochemical 
assays of urinary hormones became practicable and it was demonstrated that 
whilo there was a considorablo excess of 17-ketostoroids m the unne (taken as 
ovidcnco of increased androgen formation) in tho ndreno-gemtal syndrome, yot 
m Cushing's syndromo tho values were normal or only shghtly increased 
Recently it has been shown (Scowen and Warren, 1940) that the excretion of 
corticosterones in Cushing’s syndrome may bo enhanced fiftyfold Cushing s 
Byndromo should then present an exact antithesis of Addison’s disease, and 
although this contrast is not immediately apparent, yet the results of recent 
observation and research havo done much to elucidate it 

Albright, in a leoture to tho Harvey Sooioty of New York (1942), which is an 
ingenious and stimulating mixture of fact and speculation, suggested that the 
dominating clinical feature m Cushing’s syndrome is a deficiency of protein 
synthesis ns shown by tho ‘thin skin, weak muscles, osteoporosis, and easy 
liruisabihty ’ Tins tissue defect he conoluded from studies of nitrogen, calcium, 
phosphorus, and potassium balance is not due to increased protein breakdown, 
but to a failure of synthesis Tins he takes to be the effect of excessive 
production of tho ‘sugar’ hormones, whose action he regards as anti- 
anaboho rather than kataboho Although it is now agreed that the major 
symptoms of C ushin g’s syndrome are due to the excessive production of cortico- 
sterones, yet 'most observers consider that these hormones act by promoting 
the conversion of proteins into sugar (gluconeogenesis) and by inhibiting the 
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oxidation, of glucose at the periphery, the twin actions amply accounting for 
the hyperglycaemia and the msuhn-xesistan ce shown by patients with Cushing’s 
syndrome The exact mechanism of the tissue-wasting must be regarded as still 
uncertain, but Albright has shown that testosterone propionate (which increases 
the excretion of 17-ketosteroids m the urine) and methyl testosterone (which 
does not do so) will both stimulate tissue synthesis and correct m some degree 
the clinical and biochemical changes of Cushing’s syndrome He regarded the 
raised 17-ketosteroid excretion which occurs m some cases of Cushing's syndrome 
as a compensatory increase of androgen secretion to offset the excess of corti- 
costerone It seems more reasonable to assume that in hypercorticism all 
groups of hormones may be quantitatively increased, but m varying degree 
This is also suggested by the numerous intermediate cases between the adreno- 
genital and adrenocortical syndromes already mentioned On the same theory, 
Albright suggested that methyl testosterone therapy, which decreases the out- 
put of 17-ketosteroids m the name in Cushing’s syndrome, acts by diminishing 
the demand for excessive production of androgens Again, it seems more 
probable that this effect depends on an inhibition of cortical function by 
testosterone, which is known to occur Thompson and Eisenhardt (1943) 
collected 98 cases of Cushing’s syndrome confirmed by autopsy up to 1940, and 
a further 25 later Of these 98 cases, 60 showed a pituitary adenoma, 22 an 
adrenal tumour, one an arrhenoblastoma of the ovary, three a thymic carci- 
noma, and 12 had no tumour of any endocrine gland The following case is 
an example of thymic carcinoma occurring with Cushing’s syndrome 


Case Report 

E F was a locomotive designer aged 45 years, and was admitted to the 
Derbyshire Royal Infirmary on January 14, 1948 He complained of increasing 
fatigue, loss of hbido, a greasy and flushed skm, gam in weight, increased 
frequency of micturition, depression, and irritability 

History Eighteen months before admission he had noticed that he was 
getting stouter He had previously been of spare build, but had gamed 21 lb 
in the succeeding year The fat was limited to his face, neck, and trunk, and 
lus collar requirements had increased by one mch This caused him no anxiety 
as it was sufficiently explained by an enhanced appetite, six months before 
admission his appetite had diminished and he had gamed no more weight 
During the previous year he had been aware of increasing fatigue, and while on 
holiday in August, 1947, impairment of physical capacity, with shortness of 
breath on activity During the four months prior to admission his health had 
steadily deteriorated His legs first became stiff and he had had diffi culty m 
getting in and out of a chair and up and down stairs He had developed ach- 
ing discomfort in the back, worst at the end of the day’s work His skm became 
greasy, blackheads were numerous on his face, chest, and back, and his com- 
plexion became flond Ho required more fluid and was disturbed twice each 
night to pass urrne Ho had had no sexual connexion with his wife and hnd lost 
all hbido His work became more difficult to accomplish and lus intellectual 
capacity notably diminished A man of sanguine and equable temperament he 
had become moody, irritable, and depressed 
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Faintly history His Bister lind three children The first child was thought to 
bo a girl at birth, on Account of a tiny penis and an ill-developed Berotum It 
•uns Inter decided that the child was n boy and lie died m 1022, aged 9 months, 
from internal haemorrhago associated mth w hooping-cough The second hoy 
appeared to bo normal until lie was 3£ years of ago, when ho developed 
pubortnl enlargement of Ins sevual organs with grrnrth of pubio hair and an 
extremely rapid rivdotal growth, so that at the ago of 5 years ho "was the h eig ht 
of n boy of 10 years Ho also developed whooping-cough and died m 1929 of 
pnounionin, at the ago of 5 years and 7 months The third child, a girl, was 
normal There was no other lustory of endocrine disturbance m the family 
The patient himself had three children, two girls and a boy, none said to show 
endoenno abnormality 

Examination (Plate IS, Figs 3 and 4 ) His w eight w ns fi st 5 lb , and height 
T> ft 0 in The bnso of tho neck measured 101 m , the chest at the nipple level 
30 m , and the abdomen at the umbilicus 34 in 

Dr P Kinmont reported on tho shin ns follows ‘A rather greasy skin of 
normal thickness and elasticity Sovero acne of chest and back with very 
numerous comedones Stellato telangiectasia on tlughs No cutis mnnnoTata 
Diffuse fine tolangicctasia on checks Bodj' hair within normal limits , moderately 
hirsute Tho scalp shows a mild male alopecia ’ No stnao atrophicae were 
present Hess’s test was positive He showed obesity of characteristic ‘buffalo’ 
typo, with a full face, double cbm, supraclavioulnr pads, and lower posterior 
cervical pads There w ero increased deposits of fat on tho trunk, especially 
on tho low or abdomen Tho arms and legs remained thin No enlargement of 
the breasts nnd no cv idcnco of feminism were present There was a lumbar 
scoliosis, probably postural and of long standing Muscular weakness was well 
shown by the difficulty m rising from a horizontal to a sitting position There 


was no sign or symptom of myasthenia gravis 

Tho blood-pressure was 185/110, pulso-rato 80 to 00, and the heart not 
chnically enlarged The aortic second sound was accentuated Tho retinal 
arteries w ere narrow but no other retinopathy was noted There was no venous 
congestion or cyanosis An electrocardiogram showed Tl ill marked, T2 di- 
phasic, T3 inverted, nnd QRS3 notched The visual fields were normal (Mr J 
Coates) Tho unno showed a slight reduction with Benedict’s solution No 


testicular tumour was present 

Clinical diagnosis Hj'pcrtension ‘Buffalo obesity ’ A one Increased 
capillars' permeability Glycosuria Cushing's syndromo 

Investigations X-rays of tho thoracic nnd lumbar spine showed generalized 
osteoporosis Tho pituitary fossa was normal In the chest there was a large 
denso sharply -defined opacity in tho upper anterior mediastinum It displaces 
the trachea backwards and to the right, and also displaces the oesophagus 
slightly backwards nnd tho arch of tho aorta slightly downwards It does not 
extend boyond tho sternal notch into the neck Its transverse diameter is 
broader than its vertical Screen examination shows no movement on swallow- 
ing Tho most likely diagnosis is a thymoma’ (Dr S J Johnson) (PI ate 
Figs 5 and 0 ) Intravenous pyclograms showed no evidence of a suprarenal 


tumour . 

The Wassormnnn and Memioko reactions were negative The erytdrooyw 
sedimentation rate was 50 mm m one hour A blood-count showed haemo- 
globin 13 7 cm per 100 c c , red cells 5,300,000 per o mm , white cells 15,200 per 
o mm , and differential count— old metamylooytes 3 per cent , neutrophtfs 
76 per cent , lymphocytes 18 per cent , and monooytes 3 per cent The platelet 
numbered 300,000 per c mm The red cells showed slight amsocycosis 1 
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prothrombin tune was 21 5 sec (23 6 per cent ) The serum-proteins were 
5 0 gm per 100 c c , albumen 3 3 gm per 100 c c , and globulin 1 7 gm per 
100 o c 

A glucose-tolerance curve (50 gm of glucose) gave the following result 


Fasting 1 hr 

0 081 gm per 100 o c 0 105 


1 hr 1| hr 2 hr 

0 132 0 170 0 170 (Fig 1) 





Fio 1 Glucose tolerance and insulin -sensitivity curves 


An msuhn-sensitmty test (10 units of insulin intravenously and 
glucose by mouth) gave the following result 

Fasting 5 min 20 min 36 mm 60 mm 65 nun 
0 100 0 100 0 085 0 109 0 119 0 135 

gm per 100 c c 


60 gm of 

95 min 
0 171 
(Fig 1) 


The serum-calcium was 10 9 mg per 100 c c , and serum-phosphorus 2 2 mg 
per 100 c c (Ca X P 23 98) The serum-phosphatase (Bodansky) was 4 2 units, 
serum-cholesterol 194 mg per 100 c c , serum-sodium 325 mg per 100 c c , 
serum-chlorides 573 mg per 100 c c , and serum-potassium 12 5 mg per 100 c c 
A 24-hours specimen of urine contained inorganic phosphate 0 76 gm , creatinine 
1 04 gm , and creatine 0 24 gm The Ascheim-Zondek test was negative The 
urinary 17-ketosteroids were 24 5 mg m 24 hours (Dr A M Ham) 

Diagnostic summary There was no evidence of a pituitary or adrenal 
tumour, but a radiological diagnosis of thymic tumour was made The rapid 
sedimentation rate supported a diagnosis of a malignant thymoma The 
urinary excretion of 17-ketosteroids, nhile above the upper normal limi t for 
men given by most authorities (21 mg per 24 hours), was yet within normal 
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braite according to Hmn (porsonnl communication) and in the experience of 
Scow on and Warren (1040) In any ease it was strongly against the diagnosis of 
an adrcno-corlical enromomn No polycythaomia, no striae atrophicae, and no 
hypcrglycnomm v, cto demonstrated, but occasional glycosuria was present 
Tlio glucosc-toloranco curve was within normal limits, but showed a diabetic 
pattern, the levels continuing to rise at 1 1 and 2 hours, and the insulin-sensitivity 
test showed an increased resistance to insulin The positive subjective features 
woro increased fatiguabihty, loss of libido, nnd depression The positive objec- 
tive features were acne, greasy shin, increased capillar}' fragility, hypertension, 
osteoporosis, muscular weakness, and ‘buffalo’ obesity Interesting chemical 
findings wore tho low serum-potassium and the increased urinary creatine on 
repeated examination 

Final diagnosis Cushing’s syndromo associated with a thymic tumour 

Progress Following Albright’s suggestion, testosterone propionate was first 
used in treatment The patient w as given COO mg of testosterone propionate in 
six injections during a fortnight Tins produced an improvement in bbido 
( ? suggestion), but had no influence on tho weakness, fatiguabihty, or depres- 
sion Tho pnm in tho back grow steadily more sovero and tho acne increased. 
Tho following alterations in his blood and urine chemistry were apparently 
associated with tho testosterone therapy (previous findings m parentheses) 


Sorum-chlondo 


538 0 

(573) 

„ sodium 


311 0 

(325) 

,, potassium 

•mg por 

180 

(12 5) 

„ calcium 

100 c c 

11 1 

(10 9) 

„ phosphorus 


25 

(2 2) 

„ phosphatase 


1 7 units 

(4 2) 

Urinary creatinine (24 hours) 

1 10 

(1 04) 

,, crcatmc 

if 

None 

(0 24) 


The electrocardiogram show cd a sbght improvement m T-waves which might 
bo attributed to tho nso m seruin-potassium, and to elucidate this finding the 
patient was given 8 gm of potassium citrate and another electrocardiogram 
was takon 00 minutes later Tins produced a further improvement m the 
T-waves (Fig 2) On two occasions tho patient developed paroxysmal auricular 
tachycardia with tho heart beating at 100 to 170 per minute, the attacks per- 
sisting on tho first occasion for a few hours nnd on the second for 36 hours 
Because tho thymic tumour w ns growing rapidly and was probably malignant 
it was decided to havo it removed, although it was not expected that this would 
cause a reversal of tho adrenocortical syndrome 

Tho operation w as performed on 6 3 48 by Mr L G Cruicksbank, anaes- 
thetist Dr F L Turner. Pentothal, nitrous oxide and oxygen, and oyoio- 
propano anaesthesia with endotracheal intubation were employed The s 
was infiltrated with 0 6 per cent procamo A short ‘collar’ incision was made 
above tho suprasternal notch, nnd a central incision over the sternum carried 
down to tho level of tho fourth nb The sternum was split with a Lebsche chisel 
to the level of the fourth rib , no lateral cuts were necessary A rib-spreader 
■was inserted to separate the halves of the sternum A firm, but bauble ana 
highly vasoular tumour was exposed, apparently well encapsulated It was 
removed by blunt dissection without undue difficulty, but with considerame 
haemorrhage Two large vems left the tumour posteriorly, apparently draining 
into the right innominate vein Both pleural cavities were opened, the tumour 
being adherent to both pleurae No attempt was made to close the pleural 
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cavities The wound was closed m layers without drainage, the lungs being kept 
•fully expanded during closure A blood-transfusion of two pints was given dur- 
ing the operation The patient’s condition at the end of the operation was fair 
After the operation he quickly regained consciousness and there was no evidence 
of peripheral circulatory failure, but the blood-pressure did not nse above 
64 - mm systolic, and 10 c c of cortin produced no nse , the cardiao sounds were 
very feeble and the heart-rate 120 per minute Death occurred eight hours after 
the operation was completed and appeared to be due to cardiac failure 



Fia 2 Electrocardiograms 
a Inverted T2 and T3 on first examination. 
b After testosterone therapy , little change 
c After 8 gm of potassium citrate, T2 positive and T3 flat 
d Normal subject 

c The same subject after 8 gm of potassium citrate 


Post-mortem report (Dr G R Osborn) The skull, meninges, and brain 
appeared normal, and tho pituitary was of normal size The thyroid weighed 
J oz , it was small and free from nodules There was no sig nifi cant haemorrhage 
m the region from whioh the thymic tumour (weight 8 oz ) had been removed 
Both lungs uere partly collapsed The trachea and bronchi were free from 
oxccssivo secretion The heart weighed 16 oz , there was httle coronary arterio- 
sclerosis, and tho valves were normal The liver showed passive congestion , 
the gall-bladder was normal The stomach and bowels were normal The spleen 
was normal except for a few tiny purpuric haemorrhages on the peritoneal coat 
Tho kidneys appeared normal, and were not appreciably congested The 
suprarenaLs each weighed almost * oz , and showed a number of fine superficial 
nodules The pancreas was nearly twice the normal size, but otherwise appeared 
normal The bladder and prostate were normal There was no enlargement or 
obvious tumour in cither of the testes, but they were unusually hard 

Death was tho result of an operation for tho removal of a thymic carcinoma 
Htslology (Plates 19 and 20, Pigs 7 to 11 ) The pituitary shows an increase 
in large basoplul cells The thyroid does not show any significant degree of 
hyperplasia The stroma is normal and does not support collections of lympho- 
cytes Tho tumour of tho thymus is a carcinoma The cells grow in relatively 
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kr go sheets Ihoy tend to liavo a rounded hyperchromatio nucleus with only 
occasional mitotic figures, and a moderate amount of eosinophilic cytoplasm 
Occasional groups arc necrotic, especially m tho contral parts of the larger sheets 
iSo collagen or roticulum fibrils liavo been demonstrated between the tumour 
cells Multiplo sections around the carcinoma have failed to demonstrate 
tliynuo tissuo The pulmonary collapso is u ell shown microscopically Groups 
of phagocytic colls ladon with exogenous pigment are abundant in parts The 
licnrt muscle nppenrs normal 

There is some passu o congestion of tho liver with a minor degree of central- 
7onc necrosis Fatty changes are scattered throughout, but are mostly slight 
There is a minor degree of congestion of tho splenic pulp, but no significant 
lesion No significant lesion u as demonstrated m the kidneys Tho suprarenals 
show a number of small nodules 1 to 2 mm in dmmetor outsido the capsule 
These rcproduco tho structure of the zona glomorulosa and zona fasciculate 
Tho pattern of t he suprarenal cortex is well maintained throughout In the zona 
glomemlosn tho cytoplasm tends to be foamy and gives a strong reaction with 
Sudnn III This fat reaction is mostly confined to cells relatively close to the 
cnpsulo The ninjontj' of tho cortex is composed of columns of ‘androgenic’ 
cells with eosinophilic cytoplasm and a positive fuchsmophil reaction This 
fuchsmopliil reaction 1ms, how c\ cr, been gi\cn by a normal control No signi- 
ficant lesion was demonstrated in tho medulla 

Tho pancreas shows focal nooroses which aro probably post-mortem auto- 
lysis. Apart from these, no significant abnormality is shown The testes show 
generally normal architecture, but interstitial cells are very infrequent Some 
semmiforous tubules show a notablo degree of atrophy, but this is not the rule 
Mature spermatozoa aro formed in relatively few of the tubules 

Dr A C Crooko has kindly reported on tho pituitary gland ns follows ‘The 
majority of tho basoplul cells show ly aline change, whioh in some cases m 
extreme Some are multinuclcato I should guoss that tho cells are present m 
approximately tho normal numerical proportions ’ (Plate 19, Fig 7 ) 


Discussion 

This patient showed nearly all the classical signs and symptoms of Cushings 
disease Thoro wero no Btriac, no polycythnomia, and no hyporglycacmift, 
although there was o\ ldonco of increased insulin resistance The absence of 
polycytlmemia is not remarkable since this is not an invariable association, but 
the nbsonco of purple stnue in Cushing’s syndrome is very unusual Had stnae 
atroplucac been present it is justifiable to assume that they would have been 
purplo smeo tho patient’s complexion was dusky and Hess’s test was positive, 
and thorn absence must bo attributed to tho fact that the increase in lower 
abdominal fnt was only moderate 

Tho biochemical changes were well marked McQuarrie, Johnson, and Ziegler 
(1037) wore tho first to draw attention to the eleotrolyte disturbances m Cush- 
ing's syndrome Thoy have been further investigated by Willson, Power, and 
Kepler (1940) and Cluxton, Bennett, Power, and Kepler (1946) This derange- 
ment of electrolytes lias now been reported in a few cases, and where it has 
occurred the initial change is a low serum-potassium level This is usually 
associated with an moreased serum concentration of bicarbonate and a dis- 
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position towards alkalosis The serum-sodium content remains normal or is 
increased in value Hypochloraemia has been associated with the alkalosis m a 
few instances, which is surprising since an antithetic electrolyte pattern would 
be expected to that occurring in Addison’s disease No explanation has been 
proffered, though it is suggested that it may be directly related to the low 
serum-potassium ‘E E ’ showed this low serum-potassium (12 5 per 100 o c ), 
but it was temporarily corrected by the testosterone therapy to 18 mg per 
100 c c , while at the same time the serum-sodium which was formerly at the 
high normal level of 325 mg per 100 c c fell to 311 mg per 100 c c Hypo- 
chloraemia was not evident until after testosterone, when the serum-chloride 
fell from 673 mg to 538 mg per 100 c c There was also increased excretion of 
creatine m the urine, which is usually associated with some inability of the 
muscles to utilize carbohydrate and therefore may be related to insulin resis- 
tance in ‘ E F ’ It is well known that injections of testosterone propionate will 
e limi nate creatinuna and this was demonstrated in ‘ E F ’ Creatmuna does not 
occur m myasthenia gravis and despite the presence of both fatiguabihty and a 
thymoma there was no evidence of this disease m'EF’ The simplest explana- 
tion of all these chemical changes would be that testosterone therapy depresses 
the excretion of adrenocortical hormones, as is known to occur experimentally 
This therapy undoubtedly produces biochemical results, but m the presence of a 
neoplastic lesion of the adrenal cortex or other endocrine organ it could not be 
expected to cure (of oestnn and prostatac cancer) The correction of the electro- 
cardiographic changes by the administration of potassium citrate has been 
previously described by Cluxton, Bennett, Power, and Kepler (1945) and was 
confirmed in ‘E F ’ This same dose of potassium citrate (8 gm ) produced a 
marked elevation of T-waves m a normal subject (Fig 2), but faded to produce 
any alteration m two other subjects with inverted T-waves of different patho- 
logical origin It is reasonable to assume that potassium deficiency causes the 
electrocardiographic changes m CuBhmg’s syndrome 

Morbid anatomy The carcinoma of the thymus was of the same structure as 
that reported by Leyton, Turnbull, and Bratton (1931) The thymic cell had 
disappeared and the structure reverted to an epithelial type The basophil cells 
were numerous in the pituitary and Dr A C Crooke reported the hyaline change 
as being present m the majority of these cells The structure of the adrenal 
cortox is difficult to interpret The average weight of the normal adult supra- 
renal is 10 gm and these two glands together weighed 28 gm , but such increases 
m size are common m long-contmued illness Adenomata are present in the 
adrenal cortex in 33 per cent of all persons, irrespective of age or sex (Gold- 
ziehcr, 1944) Whether the fact that some of these adenomata were extra- 
capsular is of significance in the attempt to assess enhanced function is not 
known It seems possible, but none of the authorities consulted is prepared to 
givo a definite opinion There was no microscopic evidence of increased depth 
of any of the cortical layers or of cellular hyperplasia One must admit therefore 
that thcro was little in the appearance of these adrenal glands to convince the 
sccptio that the actiological basis of Cushing's syndrome is hypercorticism 
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Gcncttc Aspects. It is a reasonable assumption that the examples of pseudo- 
hermaphroditism and mnorogcmtosomia praccox occurring in the family of the 
pationt’s sister were associated with ndrenoeortical hyperplasia BiggB and 
Roso (1947) have recently ronoued tho familial incidence of this abnormality 
Ihoj discovered nine reports of families in wluch two sisters were pseudo- 
liornmphroditcs, and four families in which both male and fomalo children were 
affected, tho fomalo baby showing hypertrophy of tho clitoris and the male child 
precocious sexual and skeletal development It is now regarded as established 
that fomalo psoudo-hcrmnphroditism is associated with an excess of circulating 
androgon during intra-utenno hfo Tho unno of these children has been shown 
to contain an excess of 1 7-kotosteroids (Talbot, Butler, and Berman, 1942) and 
an interesting natural experiment was recorded by Brentnall (1945) m which a 
woman, aged 20 years, suffonng from vinksm which developed during her 
pregnnnoy associated with an arrhonoblastoma of the ovary, gave birth 
to a fomalo pseudo-hermaphrodite cluld The occurrence of female pseudo 
hermaphroditism is usually related to hyporcorticism, and tho development of 
macrogomtosomia praccox in a male member of the same family makes this 
pathogenesis certain Macrogenitosomia praccox in young boys is occasionally 
associated with an atypical teratoma m tho region of tho pineal gland (Russell, 
1944), nnd moro rarely still with a tumour of tho interstitial colls of the testis 
(Rowlands, Nicholson, and Weber, 1929), but much more commonly this 
syndrome (Alhbono, Baar, and Cant, 1947) is related to adrenocortical hyper- 
plasia, to a corticnl adenoma, or to a cortical carcinoma It should be noted 
that neither pseudo-hcrmapliroditism m girls nor macrogenitosomia praecox in 
boys has been described in association with a thymic tumour It must be 
assumed that in tho family now being described there existed a genetio disposi- 
tion to ndrenoeortical excess, operativo in the girl during foetal life, m the boy 
in early childhood, nnd in ‘E F ’ during middle age That a similar genetic 
disposition should not linvo been previously described in Cushing’s syndrome is 
possibly accounted for by tho rarity of tho syndrome nnd by the many and well* 
recognised difficulties m conducting investigations m human genetics 

Thymic carcinoma and Cushing’s syndrome Up to tho present there have 
apparently been only threo 5 recorded cases (Leyton, Turnbull, and Bratton, 
1031 , Koplor, 1933) of thymio carcinoma ocoumng in association with Cushings 
syndromo If tlus association, though so rarely described, is more than a 
comcidcnco, and if Cuslung’s syndrome can bo explained on the basis of hyper- 
corticism, then tho question of tho relationship of thymic carcinoma, to hyper- 
corticism is noutoly raised Thymio carcinoma of similar structure to that 
described by Leyton, Turnbull, and Bratton and to that m ‘E F ’ commonly 
ooours without any endocrine disorder There are two further faots m the case 
of ‘E E ’ winch require consideration in the formulation of any theory the 
first that his genetic disposition towards hyporcorticism must be regarded as 

» Thoro ia o caso \ ory briefly reported by Duguid and Kennedy (1030) of thymio carci- 
noma m a woman in whom diabetes and adrenal hyperplasia were present, but none 
tho othor signs and symptoms of Cushing's syndrome were described 
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the chief aetiological factor in the development of the syndrome, and the second 
that the time onset of the Cashing’s syndrome corresponded approximately 
■with the growth of the thymic caromoma There are then three possible aetio- 
logical theories that the thymic carcinoma had nothing to do with the develop- 
ment of Cushmg’s syndrome in this patient, that the thymic carcinoma was 
itself the result of endocrine imbalance initiated by the patient’s hypercortioism, 
and that the thymic carcinoma ‘touched off’ the predisposition of the adrenal 
cortex to hyperplasia with the production of Cushmg’s syndrome None of 
these theories is susceptible of proof, but it is significant that a fourth theory, 
that the thymic caromoma was directly responsible for the development of 
C ushing ’s syndrome, is not even included, although it would have been upheld 
as the most probable theory 20 years ago Had it still been so regarded, 
‘E F ’s’ family history would have given it no support, but the notion that 
the thymus exercises any important endocrine effect on growth and sexual 
development has now been generally discarded Selye (1947) stated the matter 
conservatively when he wrote, ‘there is fairly good evidence indicating, how- 
ever, that substances liberated from the bodies of decomposing thymocytes, 
perform important physiologioal roles, even if they are not hormones in the 
original Bense of this word The substances thus liberated from the thymus 
have been olaimed to play a role m immunologic reactions and regenerative 
processes, but the exact nature of their function is still unknown ’ There is 
more exact knowledge concerning the effect of other hormones on the thymus* 
It has been shown experimentally that prevention of thymus involution (whether 
the normal ageing involution, or that following non-speoifio damage as m 
Selye’s alarm reaction) can be prevented by adrenalectomy The injeotion of 
the cortins induces a full involution of the thymus, but the folhcle-stimulatmg 
sterones are most effective m this action and the antithymio effeot of the other 
steroids, including corticosterones, appears to depend on their oestrogenic 
activity Tins corresponds to the facts of human endocrine balance, for it has 
long been known that the thymus tends to persist m conditions of adreno- 
cortioal insufficiency as m Addison’s disease, and that involution is hastened m 
the alarm reaction and in ohromo disease m whioh adrenocortical excess is 
postulated In adrenocortical hyperplasia, as m C ushin g’s syndrome, atrophy 
of the thymus might therefore be expeoted, and is mdeed frequently found, 
but Allibone, Baar, and Cant (1947) m their 10 reported cases of the mterrenal 
syndrome in children found marked thymic atrophy m five cases only, and 
suggested that this might be related to the thymio atrophy of long-continued 
disease In any case, thymic atrophy of the latter type is obviously due to 
increased cortical-hormone production, ‘since it is prevented by hypophysoc- 
torny or adrenalectomy, but can bo elicited even m the absence of the hypo- 
physis or adrenals if adequate doses of corticoids are administered’ (Solye, 
1047) In tins change the thymooytes completely disappear and the thymic 
reticulum reverts to its original epithelial typo In the thymic caromoma 
described m the present paper, no normal thymus tissue was discovered and the 
cells were all of the foetal epithelial type 



. JUUUGLAS HUBBLE 

Any theory devised to explain the association of thymio carcinoma and 
Cuslnng s eyndromo must then embrace the following considerations 
(a) That thymio carcmoma of the typo encountered m 'E F ’ has occurred 
in association with Cushing’s syndrome 'only with oxtremo ranty 
(l>) That m ‘E F ’ the gonotic disposition to hypercorticism may explain this 
unusunl association 

(c) That, whatover disease may bo present in pituitary, thymus, or ovary, 
hypercorticism is established as the immediate determining cause of 
Cushing’s syndromo 

Crooko (194C6) Jins desonbed the caso of a woman aged 28 years who died of 
Cushing’s syndromo, and m whom a carcmoma of the pancreas was discovered 
at autopsy. Ho collected three similar cases from the literature, and in view of 
tho extreme ranty of carcinoma of the pancreas in young women, suggested 
that tliero is in Cushing’s syndromo a disposition to carcmoma Such a sugges 
tion had been previously mndo by McLetchio (1044) Crooke regarded this 
carcinogenic tendenoy ns dependent cither on tho growth-stimulating hormone 
from tho pituitary or on tho production of steroids, since some steroids are 
known to bo carcinogenic in certain strains of mice 
In ‘E F with his genetic hypercorticism it might then bo postulated that 
tho second hypothesis suggested above is correct and that the thymic carci- 
noma resulted from tho excessive production of corticosterones It seems 
reasonable to extend Crooko’s suggestion and say that this carcinogenic ten- 
dency is shown only in endocrine glands, and only m those endocrine glands 
suoh ns tho pancreas and thymus against winch the corticosterones appear to 
exert some opposing action 

The pituitary and Cushing's syndrome Although hypercorticism is generally 
accepted as tho immediate cause of Cushing’s syndrome, there is still much 
discussion as to tho role of tho pituitary Forsham, Thorn, Prunty, and Hills 
(1948) have recently shown that the injection of pituitary ndrenocorticotrophio 
hormone (ACTTH) into normal human subjects produces an enhancement of the 
known functions of tho adrenal cortex It is therefore still a reasonable hypo- 
thesis that Cushing’s syndrome may depend primarily on excessive production 
of tho adrcnocorticotropluc hormone Such an hypothesis could he established 
only by tho demonstration of this hormone in excess in the blood or unne of 
patients suffering from tho disease and, m default of this finding, it is natural 
that discussion should occur ns to the exact mea ning of the hyahmzation of the 
basoplnl cells Thompson and Eisenhardt (1943) found Crooke’s hyaline ohange 
present in 58 out of 03 reported cases of Cushing’s syndrome m which they were 
permitted to examine tho pituitary On a later review of the five cases in which 
Crooke’s change was not present, they concluded that the patients were not 
wholly satisfactory as clinical examples of the syndrome This nearly absolute 
association of hyabmzation with Crooke's syndrome has also been confirmed by 
other observers Mellgren (1 045) established it in 16 cases, whioh included both 
the adrenocortical (Cushing’s) and the adrenogenital (virilism) syndromes 
Crooke's change is usually said to be absent in the latter cases Kepler ( 1946 ) 
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was the main protagonist of the view that the hy alimz ation represents a 
secondary and regressive change, while Crooke (1946a) still maintained that it 
is to be regarded as evidence of basophilic overactivity Recent observers who 
have continued to support Crooke’s view are Mellgren (1945) and MoLetchve 
(1944) Kepler (1945) was generally mistrustful of the attempt to correlate 
function with the histological appearances of endocrine glands and he instanced 
the occurrence of thyroid hyperplasia from tlnouracil and thiocyanate with 
myxoedema, adrenocortical hyperplasia m the presence of acute adreno- 
cortical insufficiency, hyperplasia of the interstitial cells of the testis associated 
with eunuchoidism, and so on His strongest argument is that the hyaline 
change is found at autopsy when Cushing's syndrome is due to an adreno- 
cortical cancer, and yet when the tumour is successfully removed, as in several 
instances in the Mayo Climo, the patient is cured (one patient in 1946 had 
remained well for 11 years after the operation), and that cure could hardly result 
if the hyaline change represented the primary lesion Even if Kepler’s view is 
accepted and the hyaline change is regarded as secondary to the hypercortaoism, 
this does not mean that excessive production of the adrenocorticotrophio hormone 
is never the cause of Cushing's syndrome Many observers have noted that 
where basophil adenomata are present in the antenor-pituitary the hyaline 
change is not found in the adenoma, but only in the pituitary outside it It is 
evident that exaot knowledge must wait upon assays of the adrenocortiootropbic 
hormone Meanwhile it can he concluded that although hypercorticism is the 
immediate cause of Cushing’s syndrome it may be initiated m several different 
ways Hypogonadism has been regarded as the primary lesion by some 
observers, and Hemhecker (1946) has demonstrated that a puncture of the 
hypothalamic nuclei m dogs produces a loss of basophil cells in the glandular 
hypophysis He has also found atrophy of these nuclei in a case of Cushing’s 
syndrome He suggested that the primary lesion, for example carcinoma of the 
adrenal cortex or the thymus, depresses the function of the normal hypophysis, 
whioh results m depression of the basophil elements and dominance of the 
eosinophil elements, with increased secretion of adrenocorticotrophio hormone 
and consequent hypercorticism The links m this aetiological chain are too 
many and too uncertain to inspire confidence m its strength 

Summary and Conclusions 

1 A historical review of the aetiology of Cushing’s syndrome is made and 
support is given to the modem view whioh states that whatever endocrine 
disoase is discovered, whether m pituitary, adrenal cortex, ovaiy, or thymus, 
the immediate cause of the syndrome is related to an excessive secretion of 
adrenocortical hormones 

2 The case of a man with Cushing’s syndrome is reported For the fourth 
time the syndrome is described as associated with a careinoma of the thymus 
The patient’s family history showed a disposition to hypercorticism, a niece 
having died in infancy as a pseudo-hermaphrodite and a nephew having died 

[QJJI J,ewSfrie*Xo 701 L 
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at tho ago of five years with maorogemtosomia praccox These latter conditions, 
together with virilism in girls and women, constitute the adrenogenital syn- 
dromo, wlulo Cushuig’s disease is described as tho adrenocortical syndrome, 
different adrenocortical hormones being predominantly concerned in each 
syndromo. It is suggested that 1111110 this distinction is useful, there are many 
instances of overlapping botween tho two syndromes 

3 Tho pntiont described showed somo disturbance of electrolytes, parti- 
cularly in a reduced serum-potassium level, ns has been previously reported 
by n few authors Tlus was reversed by testosterone therapy Electrooardio- 
grnpluo changes wero presumably’ related to this low serum-potassium, since 
they ivero corrected by' the ingestion of 8 gm of potassium citrate 

4 Tho relntionslnp of carcinoma of tho thymus to Cushing’s syndromo is 
discussed Crookc’s now that there is a carcinogomo disposition in Cashing's 
symdromo is accepted This idea is extended, and it is suggested that the 
carcinogenesis is limited to tho action of corticosterones on endocrine glands 
sucli ns tho thymus and tho pancreas to which tho adrcno-cortical function is 
normally opposed. 

C The nature of tlio hynlino chango m tho basophil colls and the whole 
concept of pituitary” basophilism nro discussed, and it is concluded that elucida- 
tion must be awaited until assay's of tho adronocorticotrophio hormone ore 
practicnhlo 

I nm indebted to Dr A 0 Crooko for a report on tho pituitniy gland, to 
Dr G R. Osborn for tho post-mortem and histological reports, to Dr Michael 
Atlun8on for many of tho ward-observations, to Mr J W Allen and Miss D A. 
Matthews for tho biochemical investigations, and to Sir J S Payers for the 
photographs 
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A CLINICAL AND PATHOLOGICAL STUDY OF RENAL 

DISEASE 

PART I NEPHRITIS 1 

By J DAYS ON AND ROBERT PLATT 
(From the Departments of Pathology and Medicine, Manchester University) 

With Plates 21 and 22 
Iniroduclton 

The various attempts by clinicians and morbid anatomists to achieve a satis- 
factory classification of nephritis have never been wholly successful, because 
the distinctions made by clinicians often showed ignorance of the natural 
histoiy of the disease and were not upheld by pathological evidence, whereas 
classifications based on histology, suoh as that of Russell (1929), proved too 
unwieldy to he serviceable to the clinician A new advance was made by Ellis 
(1942), when, as the result of close ehmeo-pathological collaboration, he divided 
nephritis into two types differing in aetiology, clinical course, and pathological 
appearance Since the publication over six years ago of this important work 
no similar investigations tending either to confirm or refute his classification and 
interpretation of nephritis have appeared The primary purpose of the present 
paper is therefore to investigate the ohnieal and pathological features of a large 
senes of cases of renal disease with a view to showing whether the Ellis classifica- 
tion can be upheld The mode of approach has been the same throughout The 
cluneal aspeots of the case were studied by one of us (R P ) and a diagnosis 
reached if possible, based on the cluneal criteria which Ellis described The 
pathological aspects were studied independently by the other (J D ) and a 
diagnosis mado on the basis of Ellis’s descriptions of pathology m nephritis 
The two diagnoses v ere then compared, and the measure of agreement assessed, 
for it was felt that this would be a fair estimate of the validity of the Ellis 
classification, as it has been the failure of close correspondence betw een cluneal 
and pathological findings that has constituted the mam difficulty m accepting 
previous classifications of nephritis It was ongmally intended that this assess- 
ment of climco-pathological correlation should be statistical, but this proved 
impossible because m many cases pathologist or clinician was obliged to give 
an alternative diagnosis on the data available and would occasionally have to 
bo open to persuasion after mutual discussion Clinical notes are sometimes 
inadequate, more often they lack precision m some important detail Patho- 
logical material on the other hand represents tho end stage of disease, when 
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during the first fortnight of the illness 36, or 85-7 per cent , recovered com- 
pletely and did not relapse These figures agree well with those of Ellis (1942) 
who recorded an 82 per cent recovery The remainder behave in one of two 
ways A few r un a rapidly progressive course with persistent oedema and hyper- 
tension, and die of uraemia within a few months The others make a partial 
recovery and enter the latent stage, which may last for many years Oedema 
Subsides completely, and does not usually recur except terminally when heart 
failure and anaemia supervene, and for some years the only signs of disease are 
persistent alb uminu ria, slowly deteriorating renal function, and a gradual rise 
in blood-pressure Only when these conditions have become extreme is the 
patient again troubled by symptoms, which are then due to uraemia, hyper- 
tension, or both He is then said to have entered the terminal stage It is in 
thin stage that chrome cases of Type 1 nephritis are most often seen If there 
is a clear history of an acute phase with oedema, even though it may have been 
many years ago, the diagnosis is relatively easy, but a detailed account of the 
illness should be obtained if possible, because what the patient refers to as 
‘kidney trouble’ or ‘nephritis’ may actually have been a urinary infection 
Occasionally the acute stage may have been overlooked, probably because 
oedema was absent or minimal In such cases the only clinical diagnosis that 
can be made is ‘terminal renal failure with hypertension — cause uncertain’ 
The more clearly it is realized that this latter group, which used to be called 
chrome interstitial nephritis, is a miscellaneous collection containing examples 
of chrome pyelonephritis, malignant hypertension, periarteritis nodosa, and 
so-called surgical renal disorders, the less frequently is a clinical diagnosis of 
chrome Type 1 nephritis made 

Of 23 cases finally diagnosed as Type 1 nephritis m our series, 17 gave a 
previous history at least suggestive of an acute stage Of six who gave no such 
history, four were admitted only a few days before death and the records of 
previous illness are inadequate One, though not admitting an acute attack of 
nephritis, had had repeated tonsillitis The average age at death m our cases 
was 31 years, with a range of 16 to 53 years, and death was due to uraemia 
m all cases Only four patients were over 40 years of age Chrome Type 1 
nephritis is therefore not a common cause of uraemia m middle-aged or elderly 
subjects Of the 23 cases, two were classified as acute nephritis, 11 ran the 
rapidly progressive course, and 10 the slowly progressive It is probable that 
tho rapid cases are more prone to die m hospital and that these proportions are 
not true ones On the other hand, the chrome type by reason of its long course 
is seen more commonly m any medical out-patient department or nephritis 
chnic, and therefore appears to be commoner than it is There v as no signi- 
ficant difference in age of onset between the three groups 
Pathological features According to Ellis, increased cellulanty of the glomeruli 
with polymorphonuclear infiltration is the chief lesion in the acute stage of 
Typo 1 nephritis, m tho more severe cases acute fibrinoid necrosis of tho tufts 
and arterioles are described, and early epithelial crescent formation may be seen 
In the present senes of Type 1 cases there were but two which appeared to be 
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evidence of earlier processes may bo obliterated by the impress of terminal 
events In spite of these difficulties it was clear that in the great majority of 
cases chmco-pathological agreement could bo reached, and incompatible dia- 
gnoses were rare Tho paper will deal with cases finally diagnosed as Type 1 or 
Typo 2 nephritis on tho Ellis classification In a subsequent paper we propose 
to record certain observations made on other types of renal disease m the course 
of theso clinical and pathological studies, and to present figures for their inci- 
dence m cases coming to autopsy in a largo teaching hospital 

Matenal 

A 14-year period was arbitrarily selected, beginning in 1934 and ending m 
1948. The material m tho mam consisted of cases that had come to autopsy at 
tho Manchester Royal Infirmary during this period and of whioh sections of 
kidney tissuo were available A smaller number of cases was obtained from 
autopsies at tho Royal Infirmary, Sheffield, and were part of a large senes of 
cases of renal disease under observation by R P before the war of 1939-46 
Tho solcction of tho Manchester cases was in the mam determined by the 
autopsy report m which a clinical or pathological diagnosis of some form of 
ncplinti8 had been recorded Only cases of the Manchester senes smee 1946 
havo been seen by one of us during life, so that tho clinical aspects of the earlier 
ones havo had to bo studied m retrospect In some cases clinical data were 
insufficient to make any diagnosis possible These were usually excluded The 
Sheffield cases had all been seen during life The autopsies at Manchester were 
routmo autopsies and wero performed by various members of the staff of the 
Department of Pathology, to whom wo are indebted for permission to study 
tho matenal A small number of cases has been included m which the kidney 
lias been obtained by unilateral nephrectomy for the relief of hypertension 
Although this pathological matenal is the basis of our study, the clinician is 
naturally bound to form his opinions largely upon his expenence of living 
patients When such expenence is referred to in a statistical sense it will he 
mado clear in tho text All available renal blocks of tissue were sectioned by the 
paraffin method and stained by haemolum and eosrn, and in some cases by the 
rapid tnchromo method, Wcigerts’s elastic stain and Van Gieson s stain, and by 
methyl violot for amyloid matenal Available information included the heart 
weight, naked-oye description of the kidneys, and all other routine autopsy data 

The total number of cases examined was 188, of which 46 were diagnosed as 
Typo 1 or Typo 2 nephritis and form tho basis of tho present paper 

Type 1 Nephritis 

Ghnxcal features The initial illness is an acute nephntis of abrupt onset 
characterized by oedema, haematuna, and hypertension Most frequently it 
occurs m a child or young adult as a sequel of tonsillitis or some other strepto- 
coccal infection Death rarely occurs in the acute stage, and the majority of 
patients make a complete recovery Of 42 cases seen by one of us before 1939, 
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microscopic form of penartentis nodosa and have teen distinguished on clinical 
and pathological grounds from the rapidly progressive form of Type 1 nephritis 
The basis for this distinction has been discussed elsewhere (Davson, Ball, and 
Platt, 1948) The interesting fact emerges that the number of acceptable cases 
of the rapidly progressive Type 1 nephritis encountered In a 14-year period 
(11 cases) is actually less than the number of cases of the microscopic form of 
periarteritis nodosa seen m the same period (13 cases) 

In the slowly progressive form, according to El lis, gross renal contraction is 
the rule The glomeruli are greatly reduced m number, interstitial fibrosis is 
severe, and intervening areas of dilated tubules are present (Plate 21, Pig 4) 
Pibnnoid necrosis of glomeruli and artenoles may be seen, as well as varying 
degrees of contraction and fibrosis of glomeruli Arteriosclerosis and endarteritis 
fibrosa of the intralobular arteries are present Ten of our cases came into this 
category , four were regarded as fairly late, the kidney weights ranging from 
140 to 00 gm , and six as late, with weights from 60 to 20 gm In all 10 cases, 
disappearance of glomeruli, widespread ischaeruio vascular changes, and fibrotic 
contraction had occurred Concentric hypertrophy of the left ventricle was 
present m all cases , the heart weights varied between 380 and 600 gm There 
were four cases m which both the date of the initial acute nephritis and the 
weights of the kidney were known accurately, and they thus provide some 
indication of the rate of renal contraction m this group 

Duration 4 years, kidney weights 140, 140 gm > 

,, 5 ,, ,, ,, 140, 120 ,, 

,, 10 ,, ,, ,, 120, 80 ,, 

23 „ „ „ 20 , 20 „ 

Discussion on Type 1 cases On the experience of the present senes and on 
a much wider ohmcal expenence of cases which have not come to autopsy, we 
feel justified m concluding that the Ellis classification is clinically satisfactory 
m the great majority of cases, and that the ckmco-pathologioal correlation is 
good When cases are Been early in the acute stage there is rarely any difficulty 
in diagnosis , the age incidence, the abrupt onset with oedema, haematuna, and 
hypertension, and the relation to infection are usually decisive Prom the 
histological point of view the grouping of Type 1 nephritis cases into acute, 
rapidly progressive, and slowly progressive types has been satisfactorily 
achieved in our senes, but the number of autopsies on acute cases has been very 
small and does not provide material for further discussion 

The rapidly progressive type with oedema persisting beyond the acute Btage 
may bo clinically difficult to distinguish from Type 2 nephritis, and occasionally 
from periarteritis nodosa, but if the patient is seen from the commencement the 
diagnosis is usually clear In Type 2 nephritis the onset is insidious, haematuna 
is minimal or absent, and albummuna extreme, and there is usually no clear 
relationslup to stroptococcal tonsillitis In penartentis nodosa there are usually 
some suspicious features such as pyrexia, loucooytosis, tachycardia, asthma, and 
joint pains The main difficulties m histological differentiation of this group 
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examples of fcho noulo stage, nnd noithor of tbeso was typical The first (Case 1 
seo Appendix) show cd occasional patchy fibrinoid necrosis in the tufts as well 
as polymorphonuclear infiltration, purpura had been present during life, and 
this uns probably n enso of the Hcnoob-SohOnJoin syndrome, the renal lesions 
m w Inch ha\ o recently been described by Gairdner (1 048) The second (Case 2), 
uluch clinically appeared to be sevoro acute nephritis, showed relatively slight 
glomerular changes, but unusual dilated tubules lined with atrophic epithelium 
nnd e\tensi\ o tubular haemorrhage A further four cases which showed 
fibrinoid necrotio lesions of tho glomeruli with polymorphonuclear infiltration 
nnd early epithelial crescent formation were found to bo examples of the micro- 
scopio form of periarteritis nodosa (Davson, Ball, nnd Platt, 1948) Examples 
of tho acute stngo of Typo 1 neplintis are therefore rarely seen at autopsy in 
a teaching hospital 

In the rapidly progressive form the characteristic changes according to EHm 
are epithelial crescent formation m Bowman’s capsule (Plato 21, Pig 1), 
interstitial fibrosis nnd tubular atrophy, and organization ofepithehal crescents 
(Plato 21, Thg 2) Lator stages show fibroblastic obliteration of the glomeruli, 
increasing interstitial fibrosis, nnd dilatation and hypertrophy of sumvrng 
tubules (Plato 21, pig 3) In the present series there are nine cases which 
appeared to bo typical examples of tho rapidly progressive form, and in which 
tho lustological features closely corresponded with Ellis’s description , tiro were 
m tho earlier stngo m which epithelial crescents were widespread, four were in 
tho intermediate stage in which fibrosis of the crescents were prominent, and 
three were in the late stago m wluch fibroblastic obliteration of glomeruli was 
widespread In one of tho last group contraction of the kidneys had occurred 
(weights 80 and 00 gm ), but m the remainder enlargement was the rule There 
were two further cases winch presented atypical histological features In the 
first (Cnso 3), although the patient progressed rapidly to uraemia after a typical 
Typo 1 onset, tho glomeruli showed few epithelial crescents or organizing 
crescents, the main changes consisting of endothelial cell proliferation and 
excessive lobulation and degrees of contraction of the tufts In the second case 
(Case 4), numerous epithelial crescents were present nnd the tufts showed an 
unusual typo of fibrinoid deposit outlining the capillaries There was m addi- 
tion a sovoro subacute pyelitis and some convoluted tubules contained poly- 
morphonuclear cells, so that the histological picture combined the features of 
pyelonephritis and rapidly progressive Type 1 nephntis Specific reference is 
made to suoh cases in order to avoid giving the impression that every case 
encountered could be readily classified 

In his description of the histology of rapidly progressive Type 1 nephntis, 
Ellis included a number of case 3 showing ‘explosive’ lesions of the glomeruli, 
definite penglomerular inflammatory reaction, and mtenseinflammatorymfiltra' 
tion of the interstitial tissue In the present senes there were nine cases m 
which necrotizing glomemhtis, epithelial crescents and organizing crescents, 
and often similar ‘explosive’ lesions of the glomernh were present, all occurring 
m the absence of endocarditis These have been found to be examples of the 
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than fine, groups of colloid cast3 in the tubules, and inflammatory changes in 
the pelvis, together with the cluneal history Similarly , some difficulty has been 
encountered in those cases in which renal rickets has been present and where 
the kidneys are very small and granular Loss of nephrons is extreme, inflam- 
matory changes may be present in the pelvis, and it may be difficult to decide 
whether the condition is the late stage of slowly progressive Type 1 nephritis 
commencing in early life or whether it is due to chrome atrophic pyelonephritis 
perhaps on the basis of a primary renal hypoplasia These cases have been 
relegated to a special group to be dealt with m a subsequent paper and are 
not included under Type 1 nephritis Ellis (1942) pointed out that the kidneys 
in slowly progressive Type 1 nephritis may show acute arteriolar and glomerular 
lesions indicating a termination in the malignant hypertensive phase If gross 
renal contraction is present there is little difficulty in distinguishing the condi- 
tion from essential malignant nephrosclerosis, m which there is no obvious 
dimin ution in the number of glomeruli and the kidney is hardly if at all con- 
tracted More difficulty is encountered in occasional cases m young subjects 
with clinical malignant hypertension and no previous history of acute nephritis, 
m which the kidneys are somewhat granular, and the histological appearance 
is typical of malignant nephrosclerosis, hut some glomeruli appear to have 
completely disappeared, so that a previous acute Type 1 nephritis cannot be 
excluded One or two such cases have been found and have not been included 
with the Type 1 cases, but will be described in a subsequent paper under malig- 
nant hypertension Finally we have encountered a few cases in which the early 
clinical history was apparently that of Type 1 nephritis and the end-stage and 
pathology that of Type 2 These will be discussed when our Type 2 cases have 
been described Case 3 illustrates the rapidly progressive ‘stormy’ course of 
Type I nephritiB and Case 5 is described for comparison as it shows similar 
clinical and pathological features m periarteritis nodosa Case 6 illustrates 
Type 1 nephritis with a long latent stage 


Type 2 Nephritis 

Clinical Features In Type 2 nephritis, Ellis grouped together all those cases 
of renal disease of insidious onset which run through a long subacute course 
and in which oedema is persistent and often extreme Albuminuria is gross, 
but hnematuna usually microscopic or absent The group includes cases formerly 
described as hydraemic nephritis and as nephrosis In some there is a raised 
blood-pressure from the onset, in others the pressure may remain normal or 
gradually nso with deterioration in renal function and death in uraemia 
Ocdonm nmy persist to the termination, or may subside leaving a condition 
indistinguishable clinically from latent or terminal Type 1 nephritis but for the 
history The disease may occur at any ago , our cases ranged from H to 61 
years Prognosis is bad and the duration is usually only a few years, but some 
of tho patients with persistently normal blood-pressure recover completely and 
there is little doubt that tho degree of hypertension is some guide m estimating 
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nro again from ponarteritis nodosa and also from focal embolic nephritis The 
presence of endocarditis indicates the correot diagnosis in the latter condition 
Tlio diagnosis of periarteritis nodosa, m winch necrotizing glomerulitis and 
often widespread epithelial crescont formation are the dominant features, rests 
on tho demonstration of typical artentic lesions in the kidneys and other organs, 
together with consideration of tho clinical aspects One point whioh may be 
brought out is tho different ago incidence In rapidly progressive Type 1 
nophntis tho ages of our patients aero 15, 18, 19, 23, 23, 24, 24, 25, 26, 30, and 
38 years, u ith an avorago of 24 0 years In the microscopic form of penartento 
nodosa tho ages iicro 12, 32, 33, 41, 45, 52, 55, 55, 55, 57, 59, 03, and 08 years, 
uith an average of 48*4 years, so that while tbo majority of rapidly progressive 
Type 1 cases occur before tho ago of 30 years, tho converse is true for the nnoro 
scopio form of periarteritis nodosa There is little difficulty in distinguishing 
rapidly progressive from slowly progressive Type 1 noplintis In the former 
renal enlargement is the rulo, m tho latter contraction, which is often gross 
Histologically tho rapidly progressive form shows no loss of glomeruli, though 
almost all aro abnormal, and vascular changes are absent In the slowly pro- 
gressive form many glomoruh havo disappeared , some survivors are enlarged 
but othenuso normal, and sclerosis of vessels is pronounced 
In the slowly progressive type, if seen Into m tho disease, the clinical diagnosis 
cannot bo made with any assurance unless there is a clear history of acute 
nephritis in tho past In tho absence of such a history, renal failure with hyper- 
tension inft) oung subject is more likely to bo duo to chronic pyelonephritis, 
and in middle age to malignant hypertension Other rarer causes of renal 
failure such as ponarteritis nodosa and surgical disorders also have to be con- 
sidered in the differential diagnosis In such cases the knowledge that albumi- 
nuna has bcon found on routmo examination many years previously makes a 
primary renal origin almost certain, but does not establish a diagnosis of Typo 1 
nephritis A comparison botw con the degrees of hypertension and renal failure 
may also bo helpful m diagnosis, for cases of chronic Type 1 nephritis can reach 
an advanced stage of renal failure without extreme nse in blood-pressure 
Cases of mahgnant hypertension, on the other hand, never develop renal failure 
without a vozy high dinstoho pressure (140 at least) In our experience primary 
mahgnant hypertension is very rare under the age of 35 years (Platt, 1948) 
In cliromc pycloneplintis careful inquiry, especially when directed to the bladder 
rather than to tho kidney, will usually reveal a lustoiy of episodes of frequency 
and dysuna Positivo cluneal signs of urinary infection may still be present, but 
more often organisms can no longer be recovered from the urine at this stage, 
and even pus cells may be few in number Pathologically also, some difficulty 
has been encountered m distinguishing slowly progressive Type 1 nepknto 
from chrome atrophic pyelonephritis in which hypertension has been present 
In both, contraction may be severe, and loss of nephrons, patchy fibrosis, round- 
cell infiltration, and vasoular sclerosis may all be present Features which when 
present suggest obromo atrophic pyelonephritis, and are emphasized by Weiss 
and Parker (1939), are unequal size of the kidneys, coarse granularity rather 
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In an effort to test Ellis’s view that these histological changes represent 
stages in a continuous sequence from early to late, we related these groups to 
the duration of illness, where known, as follows 
Early 7 weeks, 10 weeks, 5 months, 12 months 

Intermediate, Group A 5 months, 11 monthB, 1£ years, It years, 3 years 
Intermediate, Group B 5 months, 8 months, 1 year, 2 years, 9 years 
Late 0 months, 2 years, 3 years, 3 years, 4 years, 5 years 

Thus, m general, the durations support Ellis’s view that the histological changes 
can be regarded as a true sequence, but no conclusion can be drawn, for instance, 
as to whether the histological changes in intermediate Group A precede or 
follow those of Group B It is obvious that differences of rate in progression 
may occur, so that any attempt to elucidate a progression sequence by compar- 
ing duration with histological changes must remain partly conjectural Death 
from uraemia had occurred m all but one of the six late cases, and on the whole 
intermediate Group B and the late group showed a greater tendency to hyper- 
tension. There was, however, no demonstrable correlation between the amount 
of albuminuria or oedema and the histological findings 
Certain anomalous features must now be described which while not invalidat- 
ing the mam thesis of the Ellis classification are nevertheless of importance 
Epithelial crescents and partial fibrosis of glomeruli such as characterize Type 1 
nephritis were found m three cases in this group In none were such lesions 
predominant, but then presence suggests that the distinction between Type 1 
and Type 2 is not absolute In Case 8, for instance, the cluneal history was 
unequivocally that of Type 2 nephritis, and while most glomeruli corresponded 
to those of Group B of intermediate Type 2, yet several glomeruli showed partial 
fibroblastic obliteration, and several others epithehal crescent formation The 
blood-pressure of 105/100 was not high enough to be regarded as a cause of these 
glomerular lesions In Case 11 also (described fully later) typical epithehal 
crescents w ere present. A second histological feature, not specifically mentioned 
by Elbe as occurring m Type 2 nephritis, was penglomerular fibrosis This was 
seen in several cases, usually in the later stages when glomerular hyahnization 
was severe 

Although, as mentioned previously, histological features characteristic of 
Type 1 nephritis, such as epithehal crescents, partial fibrosis of glomeruli, or 
penglomerular fibrosis, may occasionally be encountered m kidneys otherwise 
showing typical Type 2 lesions, yet, in general, the distinction between Type 2 
and Type 1 has been readily made, especially when attention is directed to the 
numencally predominant glomerular lesions The distinction from tho rapidly 
progressive Type 1 cases m u hich clinically oedema was a pronounced feature 
is readily made histologically, although an enlarged pale kidney may bo found 
in both conditions Tho slowly progressive Type 1 shows gross contraction, 
which was seen m only one of our Type 2 cases This case was clinically typical 
of Typo 2 nephritis and had run a slow course over five years Oedema had dis- 
appeared before death and moderate hypertension n ith advanced renal failure 
supervened Tho kidneys weighed 70 and 58 gm , and their surfaces were finely 
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the probablo rapidity of the disease Out of 34 patients who were followed up 
by one of us (R. P ) before 1039, and about "whom information has been sought 
m 1047, 10 arc known to bo dead, five are untraced, two are ill with renal 
failure at tho present time, and eight are known to be living and well Of the 
Inst group, threo still Jmvo albuminuria, tlirec have none, and in two cases no 
recent tests have been modo ns the patients nro m regular employment ThuB 
m a follow -up of about 10 years approximately 26 per cent of cases are living 
and freo from symptoms These figures agree closely with those of Rennie 
(1047) Dentil in Typo 2 nephritis is usually due to uraemia, but may be caused 
by mtcrcurrent infections such ns pnoumonm or peritonitis during tho stage 
of oedema Most of the 22 cases ui tho presont series gave rise to little difficulty 
m diagnosis cither clinically or pathologically In 17 cases the clinioal features 
wero sufficiently typical to suggest or to establish tho diagnosis In two the 
data w ero insufficient Three exceptional cases are described later Diagnosis 
from Type 1 nephritis is usually easy because of tho insidious onset, gross 
nlbunnnuna, and persistent oedema, and although, as u o have said, all the cases 
of rapidly progressu o Typo I nephritis in our scries ran an oedematous coarse, 
the} w ere clinically distinguishable from Type 2 by their abrupt onset and rapid 
course Tho clinical picture of Typo 2 nephritis may be indistinguishable from 
diabetic glomerulosclerosis and from amyloid kidney, but the histoiy of dia- 
betes m tho former nnd of tuberculosis or chrome sepsis m tho latter makes 
confusion unlikely Caso 7 illustrates tho relentless course of a typical severe 
case of Ty po 2 nephritis 

Pathological features According to Ellis, tho earliest stage of Type 2 nephntis 
coasists of capsular adhesions and occasional bland focal necroses in the glo- 
meruli, nnd tho tubules show fatty ohnnges Later developments consist of 
accentuated lobulation of tho tufrs and proliferative glomeruktis Later still, 
tho glomeruli are enlarged, showing focal deposition of ky T ahne material in the 
mtorcapillary stroma or n more diffuso hyaline deposition in the whole capillary 
basement membrane of the tufts Finally, advanced hyalnuzation of the whole 
tufts is present, but there is no diminution m the total number of glomeruli, 
m contrast with tho later stage of Type 1 Hypertensive vasoular lesions are 
rarely seen, and interstitial fibrosis tends to be diffuse rattier than focal The 
22 cases of Typo 2 noplmtis conformed histologically with one or other of the 
above described stages, though several showed additional histological features 
not specifically mentioned by Ellis as occurring in Type 2 nephritis These 
features will bo mentioned in detail later 

Tho oases can bo grouped on lustological grounds as follows 

Early (glomerular changes slight) 5 cases (Plate 22, Fig 5) 

Intermediate, Group A (diffuse increase of mteroapillary hyaline material 
without excessive lobulation or enlargement of glomeruli) 6 cases (Plate 


^Intermediate, Group B (focal deposition of hyahne material and excessive 
lobulation of enlarged glomeruli) 6 cases (Plate 22, Fig 7) , 92 

Late (massive hyahmzation of glomeruli and severe fibrosis) 6 cases (Plate a. 

Fig 8) 
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homogeneous group from -winch a senes of cases could he arranged showing a 
gradual transition from the mildest to the most severe on both clinical and 
pathological grounds We agree with Ellis that the artificial separation from 
amongst these cases of a group having the clinical features of nephrosis is not 
justified, but we must now refer to three anomalous cases (Nos. 9, 10, and 11) 
which clinically appeared to start as Type 1 nepbntis hut to end as Type 2 
These cases axe descnbed fully in the Appendix In Case 9 the information is 
hardly adequate, hut Case 10 is well documented, and Case 11 was observed by 
ourselves in the latter part of his course and personally questioned about 
his initial illness Case 10 had some of the features of Type 2 nephritis, but 
the sudden onset after an infection, the severe headache, facial oedema, and 
haematuna strongly suggest a rapidly progressive Type 1 nephritis Histo- 
logically, however, inflammatory lesions of the glomeruh, epithelial crescents, 
or other features of Type 1 nephritis were conspicuously absent, and the only 
diagnosis acceptable was Type 2 (early stage) Case 11 is the most striking, 
however, for the history of nephritis with oedema of a few weeks’ duration after 
a sore throat and leading to a latent period of nine years seems to establish the 
diagnosis of Type 1 nephritis, and only the last nine months of the illness showed 
the features of Type 2 Pathologically there was no doubt that the macro- 
scopic and microscopic appearances were characteristic of Type 2 nephritis, 
although some epithelial orescents were present These can soarcely be adduced 
as evidence of a Typo 1 onset, however, since this occurred nine years before 
death, and they may with more probability be regarded as secondary to the 
arteriolar and glomerular fibrmoid necrotic lesions which were present m this 
case It might he argued that this was a rare coincidence m which Type 2 
nephritis supervened upon healed Type 1 nepbntis, but the finding of albumi- 
nuria during the latent stage and the development of nocturia are evidence 
against healing, and if unhealed, the underlying pathology of slowly progressive 
Type 1 nophntis should have been demonstrable (contraction, disappearance of 
glomeruh, interstitial fibrosis, etc ) These three cases m which a clinical Type 1 
onset is associated with a subsequent Type 2 course and morbid histological 
findings do therefore provide evidence that the distinction between Type 1 and 
Typo 2 nophntis is not absolute Similarly the occasional occurrence of epithelial 
crescents and partial glomerular fibrosis in cases otherwise clinically and patho- 
logically Type 2 nephntis further argues against an absolute histological 
distinction Nevertheless, while we are still in ignorance of the cause of 
nepbntis, wo can offer only a provisional conclusion that the Elhs classification 
is sound m practice and leads in the great majority of cases to clinical and patho- 
logical agreement We rcservo judgement on the question of whether Type 1 
and Tvpc 2 ncphntiB arc separate entities aetiologically, and despite our three 
doubtful cases wc admit that wo cannot quote a case of Type 1 nephntis 
personally observed m tho acute stage and followed by the clinical or pathological 
picture of Type 2 It is clear that the concept so common in text-books, of 
oedematous ncplmtis as a usual intermediate stage between the acute and 
chrome phases, is at vananco with clinical expcncnco 
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granular Many gloraonili, though preserved, were completely hyalimzed. 
Inflammatory changes wero prosont m tho pelvis in this case, however, and it 
may represent a combination of Type 2 neplintis with pyelonephritis ’ 

Amyloid disease may produce apparent increase of glomerular mtercapillary 
hyaline material , tins is usually more massive than that seen m Type 2 nophntis, 
and gn es the specific stain The lesions of diabetic glomerulosclerosis, described 
by KinnncJstiel and Wilson (1030), in their typical form of well-defined oval 
or round hyaline masses, arc distinctive enough, but tho separation from Type 2 
nophntis is more difficult u lien the diffuse type of glomerulosclerosis is present, 
8iiioo tho staining reactions of the two lesions aronot necessarily distinguishable 
Usually in diabetic glomerulosclerosis somo glomerub are completely fibrotio 
and others nro unaffected, while m Typo 2 nephritis the glomerub tend to be 
invoh cd to a uniform degree A further point is that hyaline artenolosclerosis 
is common in diabetic glomerulosclerosis, but is rare m Type 2 nephritis In 
practice, clinical evidence of diabetes will aid the distinction 

Tho so-called wire-loop lesions in disseminato lupus may somewhat resemble 
tho glomerular lesions of tho diffuse land in Typo 2 nophntis, but are usually 
much more sharply defined Histological changes in other organs such as the 
spleon confirm tho diagnosis of lupus, ns well as consideration of the clinical 
features 

In dehy drntion, such ns occurs in diabetic coma, a uniform degree of dilatation 
of tho convoluted tubules with tho prescnco of atrophic epithelium may olosely 
resemble tho tubular changes mot with m Typo 2 nophntis, but the glomerub 
show no changes nnd there is no intertubulnr fibrosis Similarly the anoxic 
kidney (Mnegrnith, Hnvard, nnd Parsons, 1945) may show tubular changes 
similar to those of Typo 2 nophntis, but hero necrosis of the distal tubules is 
often n distinguishing feature and the clinical considerations are a valuable aid 
Tlireo cases were encountered m w hick oedema and raised blood-urea associated 
with cardiac fniluro had been present, nnd tho kidney tubules showed changes 
similar to thoso of Typo 2 noplintis, but the absence of definite glomerular 
lesions and knowledge of tho clinical course enabled the distinction from Type 2 
nophntis to bo made 

As regards tho correlation of histological lesions and clinical data, we can say 
that all the cases m which the great majority of the glomeruli complied with 
Ellis’s description of Typo 2 lesions had had clinical features indicative of 
Typo 2 noplintis during bfe 


Chmco-pathological Discussion on the Distinction between Type 1 and Type 2 

Nephritis 

Tho distinction between Type I and Typo 2 nephntas both clinically and 
histologically has been m the majority of our cases satisfactorily achieved, and 
seems to us to represent a real advance in the classification of renal disease The 
oases which have been grouped together in Type 2, though varying considerably 
in their course, duration, seventy, and age at onset, seem to us to form a fairly 
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APPENDIX 

Case 1 A girl of 14 years was admitted to the Manchester Royal Infirmary 
on July 27, 1947 A week before admission she had begun to feel sickly and for 
three days had vomiting and diarrhoea She had also had right-sided headache 
During this tune br uisin g of the skin had been noticed, the unne had been dark 
m colour, and she bad become short of breath There had been no dyBuna and 
no relevant previous illness 

On examination there was pallor and obvious dyspnoea No abnormal signs 
were discovered in the chest, heart, or abdomen The blood-pressure was 
130/70 There were many bruises on the legs 
The blood count showed red cells 1,930,000 per c mm , haemoglobin 38 per 
cent , colour index 0 99, white cells 10,700 per c mm , and reticulocytes 18 
per cent The bleeding time was 4 min utes and dotting time 41 minutes 
Repeated blood counts gave similar results The sternal marrow was reported as 
normal The unne contained many cellular and granular casts with some 
leucocytes and red cells Chemical tests were positive for blood and albumin 
Her general condition detenorated and spots appeared on the legs, arms, 
face, and neck. Many of these were raised and urticarial in appearance with 
haemorrhagic centres On August 6 she complained of loud buzzing m the ears 
and this was followed by an epileptiform convulsion On recovery she was 
confused, and the blood-pressure was 160/70 The blood urea was found to be 
372 mg per 100 c c She died on August 8 , the mode of death was not recorded. 

Comment The clinical findings in this case seem to be compatible with a 
diagnosis of purpura of the Henoch-SohOnlein type, with an accompanying 
aoute nephritis, but it is to be noted that oedema and diastolic hypertension 
were not found. 

Summary of autopsy findings 
Heart (280 gm ) No abnormality was present 

Lungs The right lung contained a small haemorrhagic area m the lower lobe 
The left lung showed a larger similar area in the lower lobe 

The liver, spleen, pancreas, and alimentary tract showed no abnormality 
Right kidney (200 gm ) The capsule stripped easily, showing a smooth con- 
gested cortex On section the cortex was swollen and the pattern obscured 
The medulla showed patchy congestion 

The left kidney (160 gm ) appeared similar to the right 
Histology 

Lungs Extensive areas of intra-alveolar haemorrhage were present Within 
these areas vere foci of polymorphonuclear infiltration and pink-staining 
exudate No associated artentis was seen 
Kidney The normal number of glomeruli were present and changes appeared 
relatively slight Most glomeruli showed enlargement and distortion, the 
capillary loops were prominent and endothebal cells swollen A number of the 
tufts contained polymorphonuclear cells Several tufts showed intense congestion 
and dilatation of all capillaries Several afferent artenolcs showed fibrinoid 
necrosis The larger vessels were healthy. The convoluted tubules tended to 
bo dilated and the epithelium i\ as atrophic A number of tubules contained red 
cells and others contained brownish casts Small foci of lymphocytes were 
present in the interstitial tissue, but there was no fibrosis The liver, spleen 
adrenal gland, and heart-muscle shoved no abnormality 
Final diagnosis Acute nephritis in a case of purpura of the Henoch- 
SchOnlein type 
(QJAf Vw Scrim \o TO) 
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Note on Acute Focal Nephritis 

Ono of os (R P ) Ims seen 10 cases which had the chmcal features of acute 
focal noplmtis, namely, gross haematuria occurring during an mfeotion, with no 
oedema or hypertension All recovered, and although four cases had recurrences 
with subsequent infections, none dov eloped signs of olironio renal disease 
although follow cd up for sovcral years The ages of these patients were from 
three to 30 years Wo are not prepared to discuss the aetiology or pathology 
of this typo of renal disease, but the chmcal separation is convenient because of 
the good prognosis Wo think it is less common m recent years, perhaps because 
of the more efficient treatment of pyogemo infections 

Summary 

1 A clmico-pnthologicnl survey of 18S cases of renal disease has been made 
in order to assess the validity of Ellis’s (1942) classification of nephntis 

2 Forty-five cases wore encountered m wiuch a diagnosis of Typo 1 or 
Typo 2 nephritis wns made on chmcal and pathological grounds 

3 These conditions are described and thoir diagnosis discussed from both 
the clinical and pathological points of view 

4 Histologically, some features of Typo 1 nephntis may bo found m Type 2 
cases 

G Occasional cases have been seen which appeared to start as Type 1 nephri- 
tis, although finally showing chmcal and pathological features of Type 2 

C Tho conclusion is reached that as a practical classification of nephntis the 
Ellis classification is an advance 

7 Judgement is reserved as to whether Type 1 and Type 2 nephntis are 
variations of the samo disease 
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always rapid Pallor was profound' Oedema increased and affected the hack 
and the abdomen, and fluid accumulated in the pleural cavities The urine 
throughout her illness contained albumin m amounts varying from 3 to 9 gm 
per litre Blood was present for the first sis weekB On April 16 pericardial 
friction was noticed, and on April 20 there was a small haemorrhage near the 
left optic disk On April 26 vomiting commenced and there was marked oliguria 
from then until she died on May 18 The illness terminated with Cheyne-Stokes 
respiration and coma 

The following investigations were made On Maroh 17, the day after admis- 
sion, the blood-urea was 64 mg per 100 o c The urea clearance was 25 per 
cent of normal, plasma-albumm 2 6 gm per 100 o o , and globulin 2 6 gm. 
per 100 o c Blood culture and unne culture were sterile The maximum 
unnary specific gravity was 1,015 A blood count showed red cells 2,910,000 per 
c mm , haemoglobin 60 per cent , colour index 0 86, and white cells 16,800 
per c mm On March 31 the blood-urea was 162 mg per 100 c c Another blood 
count showed red cells 2,080,000 per c mm , haemoglobin 36 per cent., and colour 
index 0 87 On Apnl 8, after transfusion on April 3, a blood count showed red 
cells 3,200,000 per c mm , haemoglobin 58 per oent , colour index 0 91, and white 
cells 11,700 per c mm On April 10 the blood-urea was 264 mg per 100 c o , 
on April 21 126 mg per 100 o c , and on Apnl 27 78 mg per 100 o o. , the 
haemoglobin then was 42 per cent On May 3 the blood-urea was 142 mg per 
100 c c and haemoglobin 44 per cent 

Comment A diagnosis of Type 1 nephritis with a rapidly progressive course 
and persistent oedema was made on the cbm cal features of the illness Unusual 
features were the very early development of pencarditis, the continued slight 
pyrexia, and the high leucooytosis In view of the last two findings alternative 
diagnoses of bactenal endocarditis and penartentis nodosa were considered, but 
the original diagnosis was adhered to Penicillin and sulphamezathme were 
both tried without effect 

Summary of autopsy findings 

Heart (420 gm ) Organizing fibrinous pencarditis was present and Blight 
hypertrophy of the left ventncle 

Pleurae Both pleural cavities contained muoh straw-coloured fluid 

Lungs Both lungs showed oedema and partial collapse 

The liver showed passive congestion 

Kidneys (120 gm each) The capsular surface was smooth, the cortex was of 
normal thickness, the pattern was partly obscured, and the colour mottled 
dark red and yellow 

Histology 

Pancreas Occasional small arteries showed fibroblastic mtornal hyperplasia 
and moderate ponvascular round-cell infiltration 

Heart An occasional small artery showed fibroblastic intimal hyperplasia 

Kidneys Tho normal number of glomeruli were present and most showed 
endothelial hyperplasia of the tufts, which also showed exaggerated segmenta- 
tion and focal adhesions to tho capsules A few glomeruli showed epithelial 
crescent formation and an occasional crescent had undergone fibrosis In 
somo glomeruli, groups of capillary loops were outlined by eosinophilic fibrinoid 
material Somo tubules were dilated, others were atrophic The arterioles 
showed no abnormality, but a number of intralobular arteries show ed intimal 
fibroblastio hyperplasia similar to tho lesions seen m the heart and pancreas, but 
no evidence of any phase of penartentis nodosa was encountered Focal fibrosis 
of tho interstitial tissue was present 



102 


J. DAVSON AND ROBERT PLATT 


Case 2 A man of 40 years had suffered from ponodjo attacks of pain for 
20 years, thought to bo duo to peptic ulcer, but an X-ray of his stomach was 
nogatiro Early in April 1040 ho developed a rash on his arms and was treated 
for soborrhooic dermatitis Three nooks later ho developed haematuna and 
oedema of the legs, face, and back Ho was then attending the out-patient 
department of another hospital His blood-urea was found to be 170 mg per 
100 c c , and ho was admitted to that hospital on April 21, 1940 OnMay 7 he 
n as transferred to tlio Manchester Royal Infirmary He w as then vomiting 
and acutely dyspnocio The blood -pressure was 200/120 There was no papill- 
oedotna Tlioro was a little oedema of tho ankles, but not elsewhere The urine 
contained blood and albumin and tho urinary deposit showed red cells, leuco- 
cytes, and granular casts Tho blood-urea rose to 630 mg per 100 o o , there 
was sovoro oliguna, and ho died on May 17 It was ascertained from tho other 
hospital that ho had not been given sulphonamides 
Comment Tho clinical findings are consistent with a severe acute Type 1 
nophntis, although in this case thoro is no clear relation to an infective illness 


Summary of autopsy findings 

Heart (380 gm ) There w as hypertrophy of the loft ventricle 
Lungs Tho right upper lobe showed extensive pnoumomc consolidation, 
partly grey, partly red Tho loft lung showed oedema and congestion 
Liver (1,040 gra ) Passive venous congestion was present 
Spleen (300 gm ) Congestion was present 

Kidneys (280 and 240 gm ) Tho surface show ed scattered small haemorrhagio 
arena The cortex was thickoned and the cortical pattern slightly obscured 
Tho general nrolutccturo w as presorved 


Histology 

Kidneys, The normal number of glomoruli were present Some contained 
small numbers of polymorphonuclear cells in tho tufts, and a few showed 
fibrinous exudate m tho capsular spaces, associated with early epithelial 
crcscont formation Tho tubules wore generally dilated, with atrophic epithelium 
and most contained red cells Oedema of tho intertubular connective tissue was 
marked Thoro was patchy diffuse round-cell infiltration in the cortex and 
medulla Somo glomerular spaces contained red colls and the source of tho 
widespread mtratubular haemorrhage was presumably the glomeruli 

Diagnosis Acute nophntis with extensive tubular haemorrhage 


Case 3 A single woman, aged 26 years, was admitted to the Manchester 
Royal Infirmary under tho care of R P on Maroh 1C, 1947 At the end of 
January sho had had tonsillitis followed by swollen glands in the neok, and was 
off work for two weeks Sho returned to work, but within a fortnight (that is, 
about tho end of February) her face became puffy, and a few days laterher ankles 
w ero swollen Tho swelling later oxtended to the knees, thighs, and abdomen 
At tho time that the oedema wms first noticed she had had headache and vomit- 
ing, and the unno had been bright red m colour for a few days She had also 
noticed that tho amount of urme had diminished at that time 

On examination, wluoh was about a fortnight from the commencement oi 
the oedema, she was very pale and appeared seriously ill Her temperature 
was 100° F and she was sweating The pulse was 120 and the blood-pressure 
1 C0/1 16 Tho face was puffy m appearance and there was oedema of the leer 
and ankles but not elsewhere The optic fundi appeared normal The urine 
was smoky in appearance and contained blood and albumin 

The course of the illness was striking An irregular pyrexia with tempera- 
tures reaching 100° or 101° F continued for the first six weeks The pulse was 
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istkma since she -was four years of age, and lately had been more and more 
troubled by bronchitis In September 1946 she had had a retinal detachment 
m the right eye She attributed this to a slight blow on the head which she had 
received 14 days before 'While she was m hospital for the eye condition she 
had had rheumatic pains in the ankles and knees, not for the first time On 
returning from hospital she had noticed swelling of the legs for a few weeks, 
and since the retmal detachment had had frequent headaches For the pre- 
vious six months the asthma and bronchitis had been troublesome In Maroh 
1948 her son developed a sore throat with enlarged cervical lymphnodes A week 
later the patient developed similar symptoms, followed by more rheumatic 
pains in the legs, and a fortnight after the sore throat by swelling of the face 
and legs accompanied by headache and a change in colour of the unne to a dark 
red or brown The oedema persisted, and for a few days before admission she 
had had epigastric pain, nausea, and vomiting 
She was a thin, lll-lookmg woman There were numerous adventitious sounds 
at the lung bases and oedema over the ankles and sacrum The blood-pressure 
was 200/106 The unne contained blood and albumin The lens of the nght eye 
was opaque The left fundus appeared normal 
Throughout her stay m hospital the oedema remained, sometimes increasing 
and sometimes becoming less Irregular pyrexia was present until the last few 
weeks of the illness The blood-pressure came down to 140/90 a few days after 
admission, but rose agam to levels of about 170/90, where it remained At the 
end of May there was an attack of what appeared to be broncho-pneumonia, 
which did not respond to penicillin On June 8 pericardial friction was first 
heard and this persisted until the end At times there were severe attacks of 
asthma The patient died on July 1 m a state of uraemia 
The following investigations were made The urine contained albumin varying 
from 2 to 7 gm per litre The blood count on admission showed red cells 
3,370,000 per o mm , haemoglobin 60 per cent , and white cells 8,600 per c mm 
The anaemia gradually increased, and from May 24 there was a constant leuco- 
cytosis varying from 18,000 to 23,000 per c mm The serum-albumin was usually 
2 4 gm per 100 c c and globulin 2 5 gm per 100 o c The blood urea was 
72 mg per 100 c o on admission, but gradually rose to 360 mg on June 28 
Comment This was a case in which periarteritis nodosa was suggested as 
a probable diagnosis when the patient came into hospital Nevertheless the 
recent illness closely resembled the rapidly progressive form of Type 1 nephritis, 
wluch was considered to bo the more likely diagnosis 

Summary of autopsy findings 

Heart (290 gm ) The left ventricle was dilated but not hypertrophied. 
Fibrinous pericarditis was present The mitral valve showed thickening of the 
anterior curtain and of the ohordae tondmeae 

Lungs The right lung showed fibrinous exudate over the lower lobe Both 
lungs show cd oxtromo oedema and congestion 
Small intestine Numerous submucous haemorrhages were present 
Liter (750 gm ) Tho sectioned surface appeared mottled greenish -fawn m 
colour, and numerous small haemorrhagic areas were present 
The pancreas showed irregular areas of haemorrhage 
Spleen (60 gm ) The surface was covered by a fine fibrinous exudate On 
section there was no abnormality 

Kidneys (100 and 120 gm ) The surfaces were smooth and pale, showing 
occasional small haemorrhages On section tho cortical pattern w as preserved 
and the medulla appeared congested 
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Diagnosis A somow hat atypical caso of rapidly progressive Typo 1 nephritis 
in iv Inch epithelial crescent formation was scanty Although vascular lesions 
wore presont thoy did not indicate a diagnosis of periarteritis nodosa 

Case 4 A man of 25 years v\ as admitted to the Manchester Royal Infirmary 
on August 4, 1010, complaining of swelling of tho feet and legs, which had been 
present^ for six days At the commencement of tho illness his face had been 
puffy The previous history was important Fifteen years before he had bad 
an attack of Jincinatuna and w as kept m bed for a month No further investiga- 
tions seem to have been made and no oedema was noticed at the time Eleven 
j cars before there had been another attack of kaomatuna Five years before 
ho had been discharged from tho arm} r f°r ‘neplintis ’, but it seemed that there 
was no illness at that time, and m all probability his discharge was due to the 
finding of albuminuria on a medical examination 
On examination there was oedema of both legs as far up as tho knees The 
blood-pressure w ns 1 05/05, and tho heart appoared normal Tho unno contained 
protein v nr} mg in amount from 3 to C gm por litre, and haomatuna was present 
throughout 

Tho blood-urea on August 0 was 32 mg por 100 o c , serum-albumin 3 0 gm 
per 100 c c , and scrum-globulin 2 0 gm per 100 c c Tho unno contained many 
red cells, leucocytes, and casts 

His condition deteriorated and on Septembor 14, a week bofore death, the 
blood-urea was 202 mg per 100 c c , and tho blood count showed red cells 
2,440,000 per c mm , haemoglobin 42 per cont , and white cells G,600 per cjnm 
Comment This case w as not seen by us during life, and on reading the notes 
it was thought at first to represent tho terminal stage of a Type 1 nephritis 
which had conimonccd 15 y'ears ago, but tho normal blood-urea on August 6 
was against this diagnosis, as was also tho oedoma which occurred for the first 
time six days before admission On re-rendmg the notes aftor considering tho 
histological findings, tho diagnosis appears to bo a rapidly progressive Type 1 
nephritis with a previous pyelonophntis 
Summary of autopsy findings 

Heart (300 gm ) Shght hypertrophy of tho left ventriolo was present 
Lungs Marked oedoma was present m both lungs 
Liver Tho appearnnees suggested shght fatty change 
Spleen (330 gm ) There was no abnormality 

Kidneys (300 and 345 gm ) The capsular surface wms smooth, the cortex 
thickened, and its pattern obscured m parts The pelvis showed haemorrhages 
The kidnoys w ore similar 


Histology . , 

Tho normal number of glomeruli were present Most showed well-develop 
epithelial crescents, many of tho tufts contained polymorphonuclear cells, and 
often the capillary loops were outlined by eosmophiko hyaline material vinca 
gave a positive fibrin stain A few glomeruli were undergoing fibroblastic 
obbtcration Tho tubules were atrophic and dilated, and some contained 
polymorphonuclear colls There was diffuse polymorphonuclear and lympno- 
cytic infiltration of the interstitial tissue The pelvis showed haemorrhage, 
oedema, and diffuse infiltration by polymorphonuolear cells, lymphocytes, ana 
plasma cells Tho vessels showed no changes 

Diagnosis Rapidly progressive Type 1 nephritis complicated by su 

pyelitis and pyelonephritis 

Case 6 A married woman of 57 years was admitted to 
Infirmary under the care of R P on May 10, 1948 She had suffered from 
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and its pattern lost, but the demarcation from the medulla was clear The 
kidneys were similar. 


Histology 

Many glomeruli had disappeared, occasional groups of small sclerotic 
glomeruli were present A few enlarged glomeruli appeared normal The 
tubule 3 showed alternating areas of atrophy and dilatation, and diffuse inter- 
stitial fibrosis was present The arcuate and intralobular arteries showed severe 
mtimal fibrosis Hyaline artenolosclerosis was present 

Diagnosis Late stage of slowly progressive Type 1 nephritis 


Case 7 A girl of 19 years was admitted to the Manchester Royal Infirmary 
tmder the care of R P on March 20, 1946 Her illness had started 12 months 
before, with swelling of the ankles This bore no relation to any infective illness 
and the onset was insidious There was no haematuna The swelling rapidly 
moreased and became generalized, and she was admitted to a hospital in London, 
whore she was then working While in hospital the oedema became extreme and 
at one time her weight reached 20 st The symptoms gradually improved 
and she returned to her home m Manchester The oedema never entirely cleared 
and for a few weeks before admission to the Manchester Royal Infirmary it had 
become more troublesome, affecting the legs, thighs, back, and abdomen 
Examination showed that the disease was already far advanced In addition 
to the oedema the blood-pressure was 220/145, but there was at that time no 
retinopathy There was a moderate anaemia , a blood count showed red cells 
3,460,000 per c mm , haemoglobm 68 per cent , and white cells 8,400 per o mm 
The blood-urea was 44 mg per 100 c c The urea clearance was 30 per cent of 
normal The serum-albumin was 2 5 gm per 100 c c , and globulin 2 8 gm 
per 100 c c The urine contained from 6 to 12 gm of protein per litre Her 
general condition deteriorated She developed severe headaches with vomiting, 
and the blood-pressure remained at about the same level In June papilloedema 
was noticed and there wore a few retinal haemorrhages, but about this time 
there was an improvement in the headaches and the oedema had practically 
disappeared She was discharged at her own request on August 14 

On September 9, 1946, she was re-admitted on account of recurrence of 
oedema, shortness of breath, and deterioration in vision The blood-pressure 
was now at a somewhat lower level, varying between 160/120 and 200/130 
Thero was oedema of the legs and advanced retinopathy with papilloedema, 
exudates, and haemorrhages Vomiting recurred, the anaemia moreased, and 
tho blood-urea rose to 104 mg per 100 c c on January 26, 1947 She died of 
uraemia and heart failure on February 20 

Comment Tho cluneal diagnosis of severe Type 2 nephritis with hyper- 
tension and renal insufficiency was never m doubt 
Summary of autopsy findings 

Heart (040 gm ) Early pericarditis was present The left ventricle was 
hypertrophied and dilated 

Lungs Both pleural cavities contained large amounts of clear yellow fluid 
and botli lungs wero collapsed 

The liter, pancreas , spleen, and intestines showed no abnormality 
Kidneys (120 and 140 gm ) Tho surfaces were smooth and pale The cortex 
appeared normal m thickness, tho pattern was somewhat obscured in parts and 
lipoid streaking u ns present in tho juxtn-meduilary zone 
Histology 

The liter, thyroid, and spleen showed no abnormality 



1G0 


J. DAVSON AND ROBERT PLATT 


Histology 

Liver There v'oro numerous ccntnlobular areas of haemorrhage and. necrosis 
hich w ore not, hon ever, as widespread as is Been in passive venous congestion 
Occasional small hepntio artery branohes showed fibnnoid necrosis of the wall 
and thrombotic obliteration of tho lumen with surrounding perivascular round- 
cell infiltration 

Pancreas There w ere scattered areas of haemorrhage and leucocytio infiltra- 
tion m tho interstitial tissue, and an occasional small artery showed fibnnoid 
necrosis of the wall with perivascular lymphocytic infiltration. 

Adrenal A small artery show ed fibroblastic obliteration of its lumen 
Small intestine Occasional submucosal arterioles showed fibnnoid necrosis 
and perivascular round-cell infiltration 
Kidneys There w nsno diminution m tho total number of glomoruli/but several 
were completely fibrolic, and others shoved partial fibroblastio obliteration 
Tho majont 3 r showed degrees of capillary collapse and the ondothehal nuclei 
wero prominent Occasional epithelial crescents w ere seen Tho tubules showed 
alternating areas of dilatation and atrophy The artenoles showed no definite 
artcriolosclerosis, but a number of tho intralobular nrtones showed fibroblastio 
mtimnl sclerosis, no acute necrotizing lesions wero scon Interstitial fibrosis 
and round-cell infiltration were widespread 

Diagnosis Tho extra -renal vascular lesions suggest periarteritis nodosa , the 
renal lesions resemblo those of tho atypical rnpidfy progressive Type 1 nephntis 
seen in Case 3 


Cask C A woman of 34 years was admitted to the Manchester Royal 
Infirmary on July 10, 1039 Sho had recently been suffering from severe head- 
aches which were periodic and accompanied by vomiting On the day of 
admission sho had a convulsion She stated thnt at the age of 16 years she 
had had nephritis and had been kopt m bed for six months Since that time she 
had suffered from headaches w hich were recently more frequent and severe Her 
blood-pressuro was known to have been high for several years 

On examination the blood-pressure was 22 5/115 There was no papilloedemn 
Tho unno contained small quantities of albumin and tho maximum specific 
gravity was 1,012 Tho deposit contained some leucocytes and hyaline casts, 
nnd cultures wore stcnlc Tho blood-urea was 42 mg per 100 o c , the urea 
clearanco 22 per cent ofnormal,andthchnemoglobm86percent Sheimprovea 
in hospital and was allowed to return homo 

Five years later she w as re-admitted in her final illness at the age of 39 years 
on July* 14, 1944 For six months or moro her condition had been deteriorating, 
nnd she had suffered from breathlessness and dimness of vision For the last 
two weeks there had been oedema of tho face and ankles, and during the last 
threo days sho had boon drowsy and had had frequent vomiting On admission 
sho was somi-comatoso and dehydrated Musoular twitching was observed 
Tho blood-pressuro was 205/100 The blood-urea was 490 mg per 100 o c , and 
sho died m uraemia two days after admission 

Comment This is a typical example of the slowly progressive course of iyP 6 i 
nephritis, the interval between the initial attack and the terminal illness being 
23 years 


Summary of autopsy findings , , 

Heart (600 gm ) There was marked hypertrophy of the left ventricle 
The. lungs, liver, and spleen showed passive venous congestion 

Kidneys (20 gm each) The surface was finely granular, the cortex very turn, 
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admission she had suffered from attacks of vomiting Albumin was present m 
the urrne The blood-pressure was 175/105 The blood non-protein nitrogen 
was 200 mg per 100 c c She died of uraemia 

Comment The patient was admitted many years before Ellis’s classification 
was in use, and the description of the initial illness is lacking in detail, but the 
onset of oedema after a sore throat suggested Type 1 nephritis It must, how- 
ever, be admitted that the tendency to recurrent attacks of oedema during the 
next three years was more suggestive of Type 2 nephritis, and the clinical dia- 
gnosis must therefore remain in doubt The autopsy findings are not available 

Histology 

Kidneys The normal number of glomeruli were present, and most showed 
increased segmentation of the tufts with both focal and diffuse deposition of 
intercapillary hyaline maternal Some glomeruli had undergone almost complete 
hyalinization, but these were a minority, and often showed penglomerular 
fibrosis An occasional epithelial crescent was seen The convoluted tubules 
were mainly dilated and lined by hypertrophied epithelium There was diffuse 
interstitial fibrosis and lymphocytic infiltration The vessels showed no changes 
Diagnosis Type 2 nephritis in late stage 

Case 10 A boy of 14 years was admitted to the Manchester Royal Infirmary 
on Apnl 21, 1946 There was no relevant previous history About seven weeks 
before admission ho had developed a sore throat, but had not gone to bed Two 
weeks later he had been noticed to be pufiy around the eyes m the morning 
His face had become swollen, he had developed abdominal pain, and within a 
day or two the legs and arms had also become swollen and he complained of 
severe headaohe He was admitted to another hospital where he remained for 
several weeks On his admission there it was noted that he was breathless and 
he vomited several times 

On transfer to the Manchester Royal Infirmary there was oedema of the face, 
legs, genitals, abdominal wall, and chest wall The blood-pressure was 130/80 
The urine contained blood and albumin, the specific gravity being 1,030 An 
Esbach’s test showed more than 24 gm per litre on admission and later 10 gm. 
The blood-urea was 92 mg per 100 c c , the serum-albumin 2 0 gm per 100 c c , 
and globulin 2 0 gm per 100 c c A blood count showed red cells 5,260,000 per 
c mm , haemoglobin 90 per cent , white cells 12,300 per c mm , and blood- 
cholesterol 435 mg per 100 c o 

Ho developed an attack of severe abdominal pain suggesting peritonitis and 
accompanied by a rise m temperature This was apparently the cause of death 

Comment This case was not seen by us during life * The acute onset after a 
sore throat and accompanied by haematuna and dyspnoea strongly suggests 
Typo 1 noplintia Nevertheless, when one is informed of the pathological picture 
and re-reads the notes, sovoral anomalous features suggesting Type 2 nephritis 
can bo seen, such as the largo amount of albumin, the absence of anaemia, the 
high blood-cholesterol, and the terminal attack of peritonitis It does, however, 
appear to bo a case m vhich the cluneal diagnosis between the Type 1 and 
Typo 2 nephritis is difficult, if not impossible 

Summary of autopsy findings 

Heart (220 gm ) Tho poncardial sac contained about 100 c c of clear fluid. 
Tho mitral % alvo showed several small fibrotio vegetations. No hypertrophy of 
the left ventricle u as found 1 J 

Lungs Both pleural cavities contained much clear fluid. Both lungs appeared 
largely collapsed 1 



108 


J DAYSON AND ROBERT PLATT 


Kidneys Tlio normal number of glomeruli veto present , some were completely 
liyalinwed, but tbo majonty wore enlarged, showing diffuse deposition of hya- 
line material in tho tufts, winch were often excessively segmented. A few 
glomeruli show cd slight ponglomerulnr fibrosis The convoluted tubules were 
mainly small and lined by ntropluo epithelium Some showed marked fatty 
change There was diffuse fibrosis and round-coil infiltration of the interstitial 
tissuo An occasional arcuate artery show cd clastosis, and an occasional mtra- 
lobular showed intimal fibrosis, tho arterioles showed no abnormality 
Diagnosis Pnirly late stage Typo 2 nephritis 


Casf 8 A man of 33 years was admitted to tho Manchester Royal Infirmary 
on September 18, 1040 In April of that year bo had noticed swelling of the 
ankles, w Inch gradually spread to tho legs and the abdomen, and was accom- 
panied by' shortness of breath on exertion At tho commoncomenb there was 
sonio sw oiling of tho fnco There was no preceding infection and no haomatuna 
The condition did not improve and ho had been in bed at homo for many weeks 

On admission oedema w ns gross and generalized Tho face was affeoted as 
well ns tho chest wall, abdomen, back, and legs There was bilateral pleural 
effusion Tho blood-pressure was 105/100, but lator foil to 120/80 The retina 
showed no pnpilloedemn, haemorrhages, or exudates Poncardml fhohon 
developed and ho had several nttneks of pulmonary oedoma, in one of which 
ho died on November 10, 1940 

The blood count showed red cells 4,720,000 per c mm , and haemoglobin 
92 per cent Tho blood-urea w as 48 mg per 1 00 c c on admission, but rose later 
to 124 mg per 100 c c The scrum-albumin was 2 6 gm per 100 c c , and glo- 
bulin 2 7 gm per 100 c c 

Comment The extreme generalized oedema with insidious onset could he 
diagnosed clinically only as Typo 2 nephritis 
Summary of autopsy findings 

Heart (380 gm ) Hypertrophy of tho left ventricle was present 

Lungs Both pleural cavities contained much clear yellow fluid, and both 
lungs appeared collapsed 

The liter, pancreas, and spleen showed no abnormality 

Kidneys (210 gm each) Tho surface was smooth, the cortex was slightly 
tluckcncd and indistinctly mottled red and pale yellow The medulla was dark 
red and clearly demarcated from the cortex Both kidneys wore similar 


Histology 

Kidneys The normal number of glomeruli were present, and thogreat majority 
showed o.xcessivo segmentation with diffuse and focal deposition of m 
capillary hyaline material A few glomerub showed epithelial crescents, and a 
fow others showed partial fibroblastic obliteration The tubules showed ntue 
cliango boyond degrees of dilatation, and mtertubular fibrosis was sbg 

blood-vessels show cd no changes , nT+m i 

Diagnosis Typo 2 nephritis with occasional epithelial crescents and paraw 

glomerular fibrosis ns atypical features 


Case 9 A woman of 23 years was admitted to the Royal Infinnaiy, Sheffield, 
in August 1930 and died three days after admission The drnioal lecoidBO™ 
unfortunately scanty Three years before she had had a sore tliroat wli cli was 
followed by pain in tbo back and swelling of the face and feet 
found in the urine at that tune and she was kept in bed for ® erer ^ a ^ nd 
Oedoma of the feet bad reourred from time to time during those }fre 

had become more severe during the previous few months Shortly betore 
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suggest Type 1 nephritis with a slowly progressive course The last eight months 
of the illness, however, had the course of Type 2 nephritis 

Summary of autopsy findings 

The heart showed pronounced hypertrophy of the left ventricle 
Lungs Both lungs showed marked oedema 
The liver and spleen showed passive venous congestion 
Kidneys Both were enlarged to about twice their normal size The cortex 
was enlarged and the cortical pattern was obscure and mottled red and yellow 

Histology 

The normal number of glomeruli were present Most were enlarged showing 
focal or diffuse increase of intercapillary hyaline material and excessive seg- 
mentation Focal adhesions were frequent A few glomeruli showed epithelial 
crescent formation The tubules were generally dilated and lined by atrophic 
epithelium There was diffuse interstitial fibrosis and round-cell infiltration 
The arcuate and intralobular arteries were healthy, but a number of arterioles 
showed fibrinoid necrosis 

Diagnosis Type 2 nephritis Intermediate stage with terminal hypertension. 
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The liver and spleen showed passive venous congestion 
Kidneys {ICO and 140 gm ) Tho cortex appeared thiokened, but the cortical 
pattern 'uns presorved, and tho demarcation from tho medulla was clear The 
two kidneys wore similar 

Histology 

The normal number of glomeruli were present and most showed slight morease 
of lntorcapillary conncotivo tissuo with occasional focal adhesions of the tubs 
to the capsules Tho tubules showed general dilatation and were lined by swollen 
opithcliftl colls with dcgcncrato cytoplasm There was no fibrosis or round-cell 
infiltration of tho interstitial tissuo 
Diagnosis. Typo 2 nophntis, early stage 

Case 1 1 A young man of 22 years was first seen by R P in the out-patient 
depnrtmont m May 1047 He was a physics research student and a highly 
intelligent witness Ho stated that m 1038, at tho age of 13 years, he had had 
nephritis Tiic illness consisted of sw oiling of tho fnce and ankles after a severe 

cold and sore throat Ho was kept in bed for four or five weeks After this 
illness Ins health apparently’ returned to normal and ho was not examined until 
1043, having been quite woll during those five yonrs This was a routine 
examination and albumin was found m the unno Ho was advised to take a 
low -protein diet and to have his tonsils removed Tonsilleotomy was per- 
formed m September 1044 Ho remained in good health untd Apnl 19 47, nine 
years after tho initial illness, whon he again noticed oedema of the ankles, 
particularly at tho end of the day 

Examination show ed a man of normal appearance, but with some oedema of 
tho ankles Tho blood-pressure was 135/00 Thero v r ns no retinopathy The 
heart w as normal The following investigations w ere made 
A blood count showed red cells 4,720,000 per c mm and haemoglobin 92 per 
cent Tho blood-urea was 44 mg per 100 c o , and urea clearance 56 per cent 
of normal Tho serum-albumin w ns 2 0 gm per 100 o c and globulin 2 1 gm per 
100 c o Tho blood-cholesterol was 402 mg per 100 c c The urine contained 
somo leucocytes, red cells, and casts, wntli 6 gm of albumin per litre The 
maximum urinary specific gravity was 1,020 Tho cluneal picture at the time 
therefore suggested a mild Type 2 nephritis, although tho previous history with 
the latent period of rune years indicated Typo 1 His subsequent history was 
that of a Typo 2 nephritis of increasing seventy 

He w as given a high-protein diet and seen agam m November 1947 Oedema 
of tho ankles had increased and thero w as some swelling of the face The blood- 
pressure was 155/00 The blood-urea was 52 mg per 100 c o , serum-albumm 
4 5 gm por 100 c c , and scrum-globuhn 2 4 gm per 100 o c The urinary 
protom was 0 gm per litre On December 2, 1947, he was admitted to t he 
Manchester Royal Infirmary Tho blood-pressure was then 170/100, blood- 
urea 54 mg per 100c o , and urea clearance 47 per cent ofnormal HeimproveU 
temporarily on a high-protem low-salt diet, but was re-admitted on January 1*, 
1948, as his sight had rapidly detenorated There was gross general oedema 
The blood-pressure was 180/115 There was marked retinal oedema witn 
exudates and haemorrhages The blood-urea was 200 mg per 100 c o A blooa 
count showed red cells 1,450,000 per c mm , and haemoglobin 30 per cent J-iw 
maximum urinary speoifio gravity was 1,008 The cerebrospinal fluid press 
was 260 mm He died of uraemia on January 17 

Comment The initial illness was one of transient oedema after an infection 
There was then a latent interval of nine years, though we know thatm tne 
middle of this period albumin was present in the urine These features strongly 
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CHRONIC AGRANULOCYTOSIS 1 

By E B AT) AMR and L J. WITTS 
(From the Nuffield Department of Cluneal Medicine, 

The Radcliffe Infirmary, Oxford) 

Introduction 

Osgood, Brownlee, Osgood, Ellis, and Cohen (1939) found that the total leuco- 
cyte count of 90 per cent of adult men and women lay between 4,000 and 1 1,000 
per c mm The range of the neutrophil count was 1,500 to 7,500 per c mm We 
may therefore define leucopema as a total white blood-cell count below 4,000 
per c mm and neutropenia as a neutrophil count below 1,500 per c mm If the 
reduction in white cells is not secondary to some other well-recognized disorder, 
it may be called idiopathic leucopema or essential neutropenia The words 
agranulocytosis and agranulocytic angina are not so easy to define On his- 
torical grounds they should be reserved for the syndrome of acute agranulo- 
cytosis which was first described by Schultz (1922), and is usually attributable 
to sensitivity to drugs Nevertheless, agranulocytosis is often used as a synonym 
for neutropenia, particularly the essential variety It is preferable to speak of 
agranulocytio infection when leucopema is complicated by fever or necrotic 
inflammation, for the infection is not necessarily confined to the throat, as the 
word angina would suggest 

An inspection of the records of our Clime over the last few years has revealed 
the following examples of persistent leucopema as defined above In addition, 
there wore another six cases of leukaemia, not included in Table I, in whioh the 
total white-cell count was between 4,000 and 8,000 per c mm , but the neutro- 
phils were less than 1,600 per c mm It is noteworthy that in the period under 
roviow there were no examples of acute agranulocytosis caused by drugs 
Wo have seen agranulocytic infection m most of the conditions listed, and 
it is probable that all patients with neutropenia, whatever the cause, are 
hablo to this complication Aplastic anaemia comes first m frequency as a cause 
of leucopema, the anaemias due to deficiency of liver or iron second Both 
loucopcma and agranulocytic infeotion are, m our experience, relatively more 
common in the macrocytic anaemia of steatqrrhoea than m pernicious anaemia 
In Tablo I tho term reticulosis is used to describe all the progressive hyperplasias 
of tho reticular tissuo, including Hodgkin’s disease Elsewhere, one of us has 
discussed loucopcma in the reticuloses and the effect on it of splenectomy (Witts, 
194S) Loucopcma can occur in any form of splenomegaly, though it is un- 
common in myeloid metaplasia and leukaemia, erythraemia, and septic infec- 
tions such as subacute bacterial endocarditis, our list includes examples of 
Banti’s discaso, Felty’s syndrome, sarcoidosis, and hala azar In a paper from 

1 Rcccued November II, 1 048 
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globm was 10 2 gm per 100 c c , red cells 3,900,000 per c mm , and white cells 
3,700 (2,510 granulocytes) per o mm 

February 1944, She was admitted to St Mary’s Hospital with pneumonia 
after influenza, tonsillitis, and pharyngitis , 15 to 20 gm of sulphonamides were 
administered, after which a leucopema of 2,800 (644 granulocytes) per c mm 
developed The haemoglobin was 10 8 gm per 100 c o , red cells 3,600,000 per 
c mm , and colour index 1 1 There was no response to pentnucleotide She 
was transfused There was slow resolution of the pneumonia 

May 1944 She was admitted to the Radchffe Infirmary for investigation 
The only history of exposure to potentially toxio substances was her use of hair 
dyes and the sulphonamide administered in February 1944 There was no 
relevant family history On examination no abnormalities were deteoted, 
apart from slight cyanosis of the mucous membranes and prolonged breath 
sounds at the left base There was no lymphadenopathy, and the liver and 
spleen were not enlarged clinically The haemoglobin was 10 5 gm per 100 c o , 
red cells 3,560,000 per o.mm , white cells 2,200 (572 granulocytes) per c mm , 
platelets 540,000 per c mm , and colour index 1 0 The reticulocytes numbered 
2 2 per cent , and the mean corpuscular volume was 05p 3 The Pnce-Jones 
curve was within the normal range, with a mean corpuscular diameter of 7 03 p, 
and standard deviation of 0 44 p No microcytosis or macrocytosis was present 
The bone-marrow was very cellular, with considerable leucopoietic and erythro- 
poietic activity, which was normoblastic in type The liver and spleen were 
normal m size on radiological screening She was discharged taking proteolysed 
liver. 

October 1944 A dental extraction was followed by pyrexia, and she developed 
an arm infection with lymphangitis An insect bite on the leg was also followed 
by lymphangitis, rigors, and a large necrotic plaque. The white cells were 1,400 
(280 granulocytes) per c mm , haemoglobin 12 4 gm per 100 c c , colour index 
1 1, and mean corpuscular volume 103 p? The total plasma-proteins were 
8 3 gm per 100 c c (3 9 gm albumin, 4 0 gm globulin) The Takata-ara reaction 
was strongly positive 

April 1945 A vmoilhn injection was followed by pyrexia, and a coryza by 
patchy pulmonaiy congestion The haemoglobin was 10 2 gm per 100 c c , 
colour index 1 0, and white cells 4,600 (1,012 granulocytes) per c mm 
January 1946 She was admitted to St Mary’s Hospital with pneumonia, 
and treated with ponicilkn 

^ May 1946 She was admitted to the Radchffe Infirmary for splenectomy 
There woro no complaints The haemoglobin was 10 8 gm per 100 c c , red 
colls 3,950,000 per o mm , white cells 2,800 (308 granulocytes) per c mm , plate- 
lots 128,000 per c mm , and colour index 1 0 The plasma-bilirubm was 0 3 mg 
per 100 c o Tho Pnce-Jones ourve was still within normal limits The sternal 
marrow was cellular, with considerable leucopoietic tissue, mostly myelocytes 
and young neutrophils, segmented neutrophils being scanty , there wore infre- 
quent mitoses Tho total plasma-protems were 9 6 gm per 100 c c (4 45 gm 
albumin, 4 73 gm globulin) Tho Takata-ara reaction was strongly positive 
Tho spleen and liver were not palpable, and there w as no lymphadenopathy 
Splenectomy w as follow cd by a mdd transient rise in white cells (peak 5,300 
per c mm ) and platelets (peak 593,000 per c mm, ) Tho spleen weighed 286 gm 
Microscopy show cd normal anatomy, with congestion A post-operative bone- 
marrow smear w as less cellular than prc\ lously She developed persistent furun- 
culosis of tho buttocks Six weeks after splenectomy tho haemoglobin was 
11 6 gm per 100 c c , red cells 4,010,000 per c mm , white cells 4,100 (COT granu- 
looytes) per o mm , and platelets 527,000 per c mm There was no response 
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this department Eislior (1047) lias commented on tho relative frequency of 
neutropenia m acquired haemolytic anaemia , ho suggested that there might 
bo a correlation botweon noutropoma and tho ocourronco of hver dysfunction in 
haemolytic nnaonna. 

Tablo I includes two unusual cases One caso classified amongst the haemo- 
lytic anaemias was that of a man with splcnopathio neutropenia or splenic 

Table I 

Analysis of 48 Cases of Leucopcnta 


Aplnstio nnaemm . . .13 

Ln or deficiency nnnomm . . 8 

Iron deficiency anaemia . . 3 

Leukaemia 8 

Other reticuloses . 2 

Splenomegaly , . 0 

Hnomoly tic nnnomm 3 

CJironic agranulocytosis . . C 


Total 48 

panhnematopomn (Doan and Wright, 1040), who died of agranulocytic infection 
somo weeks nfter splenectomy, at autopsy a splomculus was found which 
accounted for tho failure of tho operation Tho other was a man with consider- 
able splenomegaly, a hypoplastic bone-marrow, nnd an agranulooytio ulcer of 
tho leg for which amputation eventually became necessary This man was 
alive, still subject to attacks of agranulocytic infection, five years after coming 
under observation In now of tho gross splonomegaly the case was classified 
ns a retioulosis Theso cases will not bo considered further 

In tho present paper attention will bo confined to tho last five cases in Table I, 
in W'liich neutropenia was apparently tho primary condition Tho only constant 
features woro loucopoma and attacks of agranulooytio infection There was no 
evidence of increased blood breakdown, no deficiency of iron or hver, and no 
leukaemia or other infiltration A mild degree of anaemia was present m some 
of the fivo patients, and tho distinction between oliromc agranulocytosis and 
aplnstio nnaomia is an arbitrary one It is our practice to diagnose aplastio 
anaomia in cases of this kind if tho haemoglobin without treatment is usually 
below 10 gm per 100 c o The separation of the two groups is usually simple 
for cases of aplastio anaemia require frequent transfusion, whereas cases of 
cliromc agranulocytosis do not 


Case Reports 

Case J (R I 27085/44) A housewife of 46 years with persistent leucopemaani 
numerous attacks of agranulocytic infection, little change tn seven years and no 
response to splenectomy 

Tho patient's ago was 40 years at tho (known) onset in 1940 . , 

1931 She developed influenza followed by pneumonia After this she naa 
annual protraoted attacks of influenza Cuts on the fingers were said always 

to havo suppurated readily .-.j to 

1940 She had influenza, pneumonia, and laryngitis, and was admitteaw 
hospital She developed pyorrhoea and ulceration of the mouth Ihe na em 
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The scabies was treated with benzyl benzoate Granulocytopenia was dis- 
covered He had pyrexia ranging between 99° and 103 5° E foT 11 days He 
was given aspirin, phenacetin, caffein, codeine, soluble baibitone, and 16 gm of 
sulphathiazole The haemoglobin was 13 5 gm per 100 c c , red cells 6,040,000 
per c mm , and white cells 3,600 (832 granulocytes) per c mm 
Avgust 1943 He was readmitted with persistent furunculosis The white 
cells were 2,000 (416 granulocytes) per c mm., and haemoglobin 16 0 gm per 
100 c c There was no response to pentnucleotide (five injections, each of 
10 c c ) 

September 1943 He was readmitted with the blood findings unaltered. 
January 1944 He was admitted to another Military Hospital The spleen 
was palpable The baemoglobm was 13 6 gm per 100 c c , red cells 6,200,000 
per c mm , white cells 1,800 (504 granulocytes) per c mm , platelets 250,000 
per c mm , colour index 0 94, and reticulocytes 1 0 per cent Bone-marrow was 
difficult to obtain and acellular , it showed excess lymphocytes, normal myelo- 
cytes, no myeloblasts, and few neutrophils There was no response to a further 
course of pentnucleotide, and no leucocyte response to the adrenaline test 
May 1944 Ho was admitted to the Radcliffe Infirmary for investigation 
Examination showed numerous cutaneous scars and that the tip of the spleen 
was palpable, but otherwise no abnormalities were detected The red cells were 

6.820.000 per c mm , white cells 1,800 (144 granulocytes) per c mm , platelets 

186.000 per c mm , haemoglobin 14 6 gm per 100 c c , and reticulocytes 0 4 per 
cent The plasma-bihrubm was 1 2 mg per 100 c c Bone-marrow cellulanty 
was reduced and leucopoiesis diminished X-rays of bones were compatible 
with mild myelosclerosis, but chronic granulocytopenia was thought to be more 
likely 

J unitary 1945 He was admitted to a London County Council Hospital, where 
ho died in April 1946, from pyaemia, cerebral abscess, acute bacterial endo- 
carditis, and chrome lung abscess, confirmed by autopsy Dr A H T Robb- 
Smilh kindly examined a section of the femoral marrow and reported 

‘The marrow is cellular, with marked congestion of the sinusoids Leuko- 
poiesi8 is preponderant, the majority of the cells being in the myelocyte and 
promyelocyte stage, and very few more mature granulocytes are present in the 
marrow Erythropoiesis is orthoplastio, the majority of the cells being ortho- 
chromatio normoblasts , many are pyknotic, but scattered pro -erytlrro b 1 a sts 
can bo mado out Megakaryocytes are normal m frequency and in character 
There is a fair proportion of reticulum cells showing some tendency to plasma 
cell differentiation and a moderate number of histiocytes containing iron 
pigment ’ 

Tho duration of the (known) granulocytopenia was 22 months 

Cose 4 (R I 02406/40) A teaman of 26 years with chronic agranulocytosis, 
anorc-xia nervosa, and chronic pulmonary tuberculosis 
The ago of onset w ns 20 y cars 

193S She dci eloped mumps, since when there had been nmenorrhoca, loss 
of w eight , and loss of energy 

December 1944 She developed pneumonia and was found to have a leuco- 
pema of 2,000 (1,2G0 granulocytes) per c mm , and a macrocytic anaemia with 
hacmog'obm 8 3 gm per 100c c , ml cells 2,700,000 per c mm , and colour index 
1 1 There w as no response to oral and parenteral liver She w as transfused. 

March 1915 She dev eloped acute otitis media and a nglit ploural effusion 
A guinea jug inoculation lest for tubercle bacilli was positive 
August 19 15 Resolution of the otitis media was at last complete 
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to folic acid, r, mg thnco daily, or to vitamin therapy She continued on hver 
therapy after hor discharge Tlio duration of the illness, to August 1947 «.<. 
sc von years ’ 

Cnic 2 (R .1 58457/40) A housewife of 27 years with persistent mild kucomma 
niid recurrent agranulocytic infections over a period of scion years 

The ago at onset was 27 years 

1039 81 10 doi eloped cystitis and was treated with a long course of sulphon 
amides Thore had been no releiant past illnesses or exposure to other bone 
marrow toxins No family history uns available 

1940 hollow ing a dental extraction after w Inch she had been given phenace- 
tin, rw oiling of the face, pvroxin, and agranulocytosis appeared The white cells 
were 2, <100 (254 granuloc v \ tes) per o mm She was given pentnucleotide, which 
w as discontinued after six injections on account of the seventy of the reactions 
The w Into colls rose to 5,G00 (3,090 granulocytes) per c mm , and the red-cell 
count was 1,200,000 per c mm ono month later, the haemoglobin was 12 4gm 
per 100 c c 

1942 She was released from the Army with a diagnosis of agranulocytosis 

1943 A blood count showed red cells 5,010,000 per c mm , white cells 4,000 
(1,040 granulocj tes) per c nun , and haemoglobin 13 0 gm per 100 c c The 
patient kept well, 

June 1946 Sfio was admitted to the RadehfTe Infirmary with tiredness of 
10 days’ duration and mfluonzal symptoms for three days There was fever 
Thoro had boon slight bleeding from the gums for 10 days nnd a history of 
gingival bleeding sporadically since the birth of a child two years previously 
On examination she appeared healthy Thoro w as slight bruising of the shins, 
desquamation of the palato, herpes labiahs, and onlarged lymplmodes in the 
right carotid triangle, hut no other abnormalities The haemoglobin was 
15'2 gm per 100 o c ,red cells 5, 150,000 pore mm , white cellsS^OOpSOgranu- 
locytcs) per c mm , platelets 255,000 per o mm , and colour index 1 0 The 
plasnm-bilirubin was 0 3 mg per 100 c c The bone-marrow was veiy cellular, 
with an unusual degree of early loucopoiesis, eiythropoiesis was normoblastic 
A low-grade urinary infection {Staphylococcus aureus) was treated with potas- 
sium citrate 

October 1946 She w as tired, but othennso woll A few small freely movable 
lymplmodes wore presont in the axillao and groins The white cells were 3,000 
(570gmnulooytcs) por c mm 

1947 Sho w as keeping w ell Inoculations before going abroad were followed 
by deterioration in the white-cell count, but there were no symptoms The 
duration of the illness to Juno 1947 was seven years At the time of writing she 
was still alive and woll 

Case 3 (R I 27155/44) Chrome agranulocytosis in a soldier of 22 years, ending 
fatally after two years 

The a"o at tho (known) onset was 22 years The past history revealed that 
this patient had suffered from boils since tho age of eight years, and had had an 
axillary abscess at 14 years At 17 years, in 1938, he was a lead-worker lor one 
vear, apparently adequately protected, and developed no symptoms of iead- 
poisomng In May 1943 he had aoute tonsillitis and gmgmtis Furunculosis 
was common in his family, otherwise there was nothing relevant in the family 

hl June 1943 Ho had suppurative cervical lymphadenitis, scabies, and furun- 
culosis, for which he was admitted to a Military Hospital, and an abscess moised. 
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mean corpuscular volume was 78 3 p a The Price -Jones curve showed no maero- 
cytosis or microcytosis, with a mean corpuscular diameter 6 95 p, and standard 
deviation 0 48 p The bone-marrow was very cellular with no qualitative 
abnormality , there were relatively few segmented neutrophils She was dis- 
charged on liver therapy, hut small buccal ulcers recurred repeatedly and 
granulocytopenia persisted 

August 1945 She was readmitted with a large ulcer on the upper hp and m 
the mouth, of one week’s duration, after ulceration of the gums Vincent’s 
spirochaetes were present There was cervical Iymphadenopathy and fever 
There was no response to local treatment The haemoglobin was 13 2 gm per 
100 c c , and white cells 8,200 (2,214 granulocytes) per o mm on two days 
Streptococcus vindans was predominant m the ulcer The hone-marrow was 
cellular, with maturation arrest of granulocytes There was no response to 
vitamin B, yellow bone-marrow (Armour), or to penicillin locally and parenter- 
ally There was slow improvement with scar formation but little change m the 
leucocyte level The buccal ulcers persisted She was given pemoillm pastilles, 
and advised splenectomy but refused 

February 1946 She attended as an out-patient before leaving for the United 
States of America There had been recent coryza with Iymphadenopathy The 
haemoglobin was 12 4 gm per 100 c c , red cells 4,590,000 per c mm , white cells 
4,400 (1,188 granulocytes, 88 lymphoblasts, 2,508 lymphocytes) per cmm, 
platelets 197,000 per c mm , and mean corpuscular volume 82 8 p s . 

April 1946 to February 1947 She attended a clinic m Wharton, Texas 
There was recurrent ulceration of the mouth, apparently not responsive to treat- 
ment During this period the blood count varied as follows red cells 3,790,000 
to 4,050,000 per c mm , white cells 2,050 to 6,300 (205 to 2,016 granulocytes) per 
c mm , and platelets 225,000 per c mm were reported The duration of the 
illness, to Febuary 1947, was four years since the original diagnosis 

Comment 

Four out of the five patients were women, and four out of the five were in 
the twenties when they came under treatment The woman who was 46 years 
at tho time the loucopema was recognized may well have begun the disease 
a number of years earlior All had been exposed to factors which might possibly 
have damaged tho bone-marrow before the diagnosis of agranulocytosis was 
mado, such as lmir-dyo, sulphonamides, lead, benzyl benzoate, and mumps 
There is no proof that these factors actually damaged the marrow, and it is 
just os probablo that the illnesses for whioh sulphonamides were given were 
manifestations of an already existent agranulocytosis 

Tho course of the diseaso was characterized by attacks of severe infection 
from relatively trivial causes They included inflammation of the bps, gums, 
mouth, and throat, severe reactions to dental extraction, otitis media, septic 
fingers and cutaneous sepsis, suppurative lymphadenitis, urinary infection, 
septicaemia, and unexplained fever One patient had slowly progressive pul- 
monary tuberculosis Intervals between attacks ranged from a few days or 
weeks to six years Betwcon attacks the patients were fairly well, though they 
suffered from lack of vitality Tho average duration of tho illness in tho four 
survivors is now more than five years, and there is no evidence of progressive 
deterioration. 
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September 1940 Slio w ns admitted to tlio Radcliflb Infirmary with a septic 
fingor Tho white cells wore 2,000 (740 granulocytes) per o mm , red cells 
3,400,000 por c mm , haemoglobin 12 4 gm per 100 c c , platelets 118,000 per 
emm, colour index 1 3, and mean corpuscular volume 118 p 3 Tho bone- 
marrow showed reduced collulanty with maturation arrest of granulocytes at 
tho myelocyte stage , oiythropoicsis was normoblastic She w as given folio acid 
(5 mg. thrice dnilj for 14 days) and marmito, with no response 

October 1010 She was readmitted for investigation There was no history 
of exposure to possible toxins, except treatment with barbiturates and aspirin 
tw o years prc\ lously for a septic finger She was emaciated, weight 82 lb The 
hncmoglobm was 12 7 gm per 100 c c , red cells 3,870,000 por c mm , white cells 
2, GOO (88 J granulocytes) por c mm , platelots 177,000 per omm , colour index 
1 1, and reticulocytes 3 per cent The mean corpuscular volume was 106 y? 
Tho plasnm-bilinibin was 0 3 mg per 100 o c Tho Pncc-Jones curve showed 
a marked shift to tho right, with G3 G per cent macrocytosis, mean corpuscular 
diamolcr 8 85 p, and standard deviation 0 81 p X-rays of the chest showed 
a quiescent tuberculous lesion at tho loft apox, tho opacity being minim al 
Tlicro was a low androgen excretion (4 0 mg in 24 hours’ urine specimen) 
Thcro was no response to pyndo.xmo or to suprarenal cortical extrnot (100 cc 
mtrai cnously in tw o days) Sho was discharged taking liver extract orally 

April 1047 There had been no chnngo She was able to get about satis- 
factorily without unduo disability Tho tuberculosis was quiescent The haemo- 
globin was 0 8 gm per 100 c c , red cells 3,120,000 per c mm , white cells 2,300 
(043 granulocytes) per c mm , and platelots 170,000 per c mm Transfusions 
w ero not necessary 

May 1048 Sho was admitted as an emergency with swollen and painfnl 
gums, and considerable irregular fever Tho haemoglobin was 7 0 gm per 
100 c c , white cells 2,100 (402 granulooytcs) per c,mm , and erythrocyte sedi- 
mentation rate G8/100 mm in one hour A sternal puncture showed thm films 
that were relatively acellular, and though thick films contained plenty of 
cells and show cd considerable erythropoietic activity, areas showing the struc- 
ture of tho marrow suggested some degree of aplasia Tho X-ray film of the 
chest showed no change, but tubercle bacilli were cultured from the fasting 
gastric contents She was transfused and referred for sanatorium treatment 
The duration of tho known blood dysernsin was four years 


Case 5 (R I 0010/43) A xcoman of 24 years with recurrent agranulocytic 
angina, little change over four years 

The ago at onset was 24 years, and her occupation hairdresser 

1039 Sho had an attack of tonsillitis Sho had been subject to ulcers m the 


mouth since cluldhood . 

July and September 1942 She had two attacks of sore throat with cervical 
lymphadenitis, and in tho second attack an excavated ulcer on the nght tonsil 
Sulphonnmides w ere administered for four days 

February 1943 Tlioro was a recurrence of sore throat, with low-grade 
pyrexia Tho haemoglobin was 11 4 gm per 100 o c , red cells 4,150,000 per 
c mm , and white colls 2,500 (725 granulocytes) per c mm She was treated wita 
sodium salicylate and a gargle There was no relevant family history, and no 
history of oxposure to known bone-marrow toxins 

May 1943 She was admitted to the Radohffe Infirmary for investigation 
The haemoglobin was 14 9 gm per 100 o c , red cells 5,490,000 per c mm , white 
cells 6,000 (760 granulocytes) per emm, platelets 202,000 per ojnm , 
reticulocytes 1 0 per cent The plasma-bilirubin was 0 3 mg per 100 o c m 
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Representative hnomaloiogical data nro summarized in Tablo H Cases 1 
and 4 Jmd a modorato degreo of anaemia and macrocytosis at tunes, usually 
nssooiatcd with tlio attacks on infeotion , tho anaemia was capable of spon- 

Tadle n 


Representative Stood Counts in Five Cases of Chronic Agranulocytosis 
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taneous improvement The w lute-cell count was usually, though not invariably, 
subnormal, and there were usually less than 1,000 neutrophils per c mm The 
platelet count was normal In four of the patients the plasma-proteins were 
normal evcopt for a slight reduction of albumin , Case 4 showed a persistently 
high plasma-globulin The blood-urea, plasma-bihrubm, plasma-uno aoid, and 
plasma-phosphatase were within normal limits Free hydroohlono acid was 
present in the test-meal m the three patients examined 
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Tho details of tho marrow smears obtained by eternal puncture are given m 
Tablo III Not more tbnn 0 2 c c of marrow tv as aspirated It is difficult to 
estimate tho ccllulanty of tho marrow by eternal puncture, and in cases where 
tho diagnosis lias subsequently been confirmed by post-mortem examination 
wo have obtained acellular Bmcnrs from patients with leukaemia and cellular 
smears from patients with aplnstio anaemia With this proviso it may be noted 
that tho smears wero described ns cellular in two of the patients and acellular 
m tlirco Tho main qualitative change was nn increase in tho proportion of 
myclooytcs and a great decrease in the proportion of segmented neutrophils 
Thoro was a relative Ijanphocytosis m tho acellular marrows The eiythro- 
poictic tissue and tho platelets were normal 
Tho only remedy of proved efficacy was penicillin for tho control of the acute 
attacks It as usually given intramuscularly in a dosage of 00,000 units three 
hourly. When attacks of infection were occurring frequently a prophylactio 


Table IV 

Changes in the While Cells after Splenectomy tn Case 1 



White cells 

Neutrophils 

Date 

( per c mm ) 

( per c mm ) 

6 0 40 

2,300 

CO 

0 0 40 



0 n m 

Splenectomy 


10 30 o.m 

3,300 


4 30 p m 

4,100 

1 , 762 

7 0 40 

6,000 

1,400 

14 0 40 

6,100 

705 

1 7 40 

3,700 
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Table V 


Sternal Punctures before and after Splenectomy in Case 1 


Ccllulanty 
fit} oloblast 
Promyelocyte 


5G4G 

GO 40 

7 G 46 

Moderat-o 

1 5 

30 

Splenectomy 

Loir 

1 0 

1 0 


Neutrophils 

Myelocytes 
Young form 
Band form 
Segmented 


7 0 
16 0 
66 


Eosinophils 

Myclooytcs 

Segmented 


Lymphooyt-os 
Monocytes 
Forrata colls 
Plasma colls 
Endothelial colls 


1 6 
I 6 

12 6 

1 5 
1 0 


20 

20 

46 6 
60 


46 


Normoblasts 

Basophil 

Polyohromatio 

Orthochromatio 


1 0 
86 
1 0 
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dose of 100,000 units was given twice daily No improvement m the white-cell 
count was noted from transfusion, liver extract, yellow hone-marrow extract, 
adrenal cortical extract, fohc acid, or pyndoxme Pentnucleotide caused a 
transient nse m the white count, but not enough to compensate for the dis- 
comfort 

Splenectomy was advised m Case 1 as the patient was having very frequent 
attacks of infection and the hone-marrow appeared cellular on sternal puncture 
The operation was earned out without difficulty, hut there washttle leucocytosis 
and the marrow picture became more aplastio She had a furuncle on the 
buttock before operation and it was very troublesome during convalescence 
A year later there was little change from the pre-operative state other than 
a slight lymphocytosis This is very different from the normal response to 
splenectomy, which is a conspicuous outpouring of segmented neutrophils and 
band forms, with total leucocyte counts of the order of 20,000 per c mm There 
is not much change in the cellulanty of the normal marrow after splenectomy, 
but there is usually an increase m the myeloid-eiythroid ratio (Limarai, Jones, 
Paul, and Poncher, 1943) The loss of reactivity in Case 1 is similar to our 
findings m aplastio anaemia and in a few cases of leukaemia 


Discussion 

Lawrence (1940) has proposed the classification of agranulocytosis into acute, 
chrome, and recurrent forms Recurrence implies that the blood is normal 
between the attacks, in contrast to chrome cases with persistent leucopema 
The recurrent group may be further subdivided into the regularly recurrent or 
cychcal form, and the irregularly recurrent or relapsing form Cyclic neutro- 
poma has been reviewed by Reimann (1948) in an article on periodic diseases 
Additional cases have been reported in this country by Embleton (1936) and 
Fullerton (1947) Peculiarities of this syndrome are the extraordinarily regular 
rhythm m the rise and fall of the leucocyte count, the protracted duration, the 
resistance to all forms of treatment, including splenectomy, and the relative good 
health The rhythm appears to be mdependent of any known natural cycle and 
tho causo is unknown The irregularly recurrent or relapsing cases form an 
entirely different group The attacks, of which there may be only two or three, 
occur at unpredictable intervals They are presumably successive attacks of 
acute ngranulooytosis, and they have become less frequent since the recognition 
of the part plaj ed by drug sensitivity In relapsing agranulocytosis, as pointed 
out by Roborts and Kracke (1930), tho blood and bone-marrow are normal m 
the free interval and the attack is characterized by three successive phases, 
a bono-marrow onset, a blood-stream onset, and a clinical onset 

In recent years interest has been renev ed m an uncommon form of leucopema 
wluch was described by Frank (1925) under tho name splenopathio leucopema, 
but which has been renamed primary splemc neutropenia (Wiseman and Doan, 
1 939) The features of this syndrome are leucopema, splenomegaly, and myeloid 
hyperplasia of the bone-marrow There is usually an associated depression of 
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red colls nnd platolols, though it is not agreed ■whether this is the result of 
increased blood destruction or inhibition by tho spleen of the emission of cells 
from tho marrow (Semplo, 1048) Splenectomy usually brings about a cure 
Just as haemolytic nnaomm can occur without a palpable spleen, so presumably 
can splonopntlno loucoponia, but ovidenco of increased blood destruction would 
bo dcsirnblo to supiiort tho diagnosis in this ovent Tho valuo of bone-marrow 
biopsy will bo discussed later 

Tho cases presented by us form another distinct group m that they were 
chronic and persistent, and there w ns no evidonco of ovcrnctivity of the spleen 
Thoy nro considered by us to bo a variant of aplastic anaemia m which tho main 
impact is on the wluto cells (Dameshok, 1044) Two of the patients appeared 
to bo borderhno eases with aspects of both diseases Tho response to spleneo- 
torn} in ono of tlieso jiaticnts was characteristic of n hypoplastic marrow They 
nevertheless differ from aplastic anaemia m a number of nspocts Four out of 
the five patients wero fcmnlo, this suggests that chrome ngranulooytosis, like 
acute agranulocytosis, may be moro common in women, whereas aplastic 
anaemia, has no sex bias Only one of tho fh o patients has died over a period 
of obser\ at ion w Inch now ni ernges five years , in aplastic anaemia GO per cent 
of our patients are dead m tw o years nnd 75 per cent m five years The sternal 
marrow is not so frequently hypoplastic as m chronic aplastio anaemia , it may 
bo cellular with an arrest of maturation at the myelocyto love] 

In their paper on refractory anaemia Bomford nnd Rlionds (1041) described 
one of their groups of cases as ‘refractor)' anaemia with immature acellular 
marrow, chronic granulocytopenia, probably’ including medullary pseudo- 
Jouknemm ’ Tlieso patients all suffered from nnnomm, and on this criterion alone 
wc should not hai o diagnosed thorn ns suffering from chrome agranulocytosis 
Other differences were tho rapid downhill progress, tho hypercellularity of the 
marrow , nnd tho predominance of mononuclear cells in tho marrow The noso- 
logical position of these cases is obscuro Many authors bebeve them to be 
atypical forms of leukaemia, and for tho present it w’ould be better to classify 
thorn ns 'unregenemtory anaemia with leucopema’ 

Chronic ngranulocy’tosis of tho typo wo have described appears to be rare 
There aro few case reports in tho literature (Doxmdos, 1932) Bousscr and 
Noyd6 (1947) have described cases of chromo agranulocytosis with a familial 
incidence, which form a link with familial hypoplastic anaemia (Estren and 
Dameshok, 1947) Our own fivo cases occurred over a period during winch 
27 cases of chromo aplastic anaemia wore under treatment The cause is 
unknown Tho bone-marrow is an extensive and labile tissue, and though it 
is easy to sco how a poison can induce on aoute attack of agranulocytosis, it is 
difficult to understand why tho leucopema should persist when the poison is 
removed Tho idea that the haemopoietio cells can be frozen into immobility 
like tho victims of a fairy-tale is a pioturesque one, and has made the concep 
of maturation arrest popular It does not explain how growth and maturation 
are arrested or why the bone-marrow does not regenerate in chromo agranulo- 
cytosis and chronic aplastic anaemia It will be difficult to devise ration 
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treatment until we discover whether the cause is the persistence of a toxic agent 
or the lack of an essential enzyme or nutrient 

The diagnosis of chrome agranulocytosis is easy in view of the isolated and 
persistent leucopema and the liability to agranulocytic infection The haemato- 
logist may nevertheless feel some anxiety when the bone-marrow is cellular, lest 
ho is overlooking a case of splenopathic neutropenia This is unlikely m the 
absence of splenomegaly and increased blood destruction Nevertheless it may 
be argued that the patient should not miss the possible benefits of splenectomy 
For similar reasons we have operated in four cases of aplastic anaemia where 
the bone-marrow fin din gs were equivocal, without fatality but without success 
The argument against splenectomy m chrome agranulocytosis is stronger than 
in aplastic anaemia, in that the patients get on surprisingly well in spite of their 
leucopema We should be doubtful about advising splenectomy m future unless 
tho attacks of agranulocytic infection were frequent and the marrow was shown 
to be cellular m several situations, for example, the vertebral spines and the 
iliac crest as well as the sternum 


Summary 

1 Five cases of chrome agranulocytosis are presented They are differen- 
tiated from recurrent agranulocytosis and from splenopathic leucopema 

2 It is suggested that these cases are variants of chronic aplastic anaemia in 
which the mam impact of the disease is on the white cells 

3 Tho prognosis appears to be relatively good, particularly with control of 
attacks of infection by penicillin 
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ANKYLOSING SPONDYLITIS 1 

Radiological, Clinical, and Biochemical Investigations 
m a Series of Cases 

By ROBERT MOWBRAY, ALBERT L LATNER, and J HOWARD 

MIDDLEMISS 

(From the Departments of Medicine and Chemical Pathology, The Medical 
School, Kang’s College, University of Durham, and the Department of Radio- 
logy, Royal Victoria Infirmary, Newcastle-upon-Tyne) 

With Plates 23 to 26 

Introduction 

Although the natural histoxy of ankylosing spondylitis is well known, there 
are still fundamental problems connected with the disease which are unsolved 
Little or nothing is known regarding its aetiology or relationship to other forms 
of arthritis, especially rheumatoid arthritis The marked preponderance of 
ankylosing spondylitis m the male sex has raised the suspicion of a possible 
endocrine factor Davison, Koets, and Kuzell (1947) therefore measured the 
17-kotosteroid excretion in a senes of cases of spondylitis in men and of rheuma- 
toid arthntis m women They found a tendenoy to greater excretion of 17-keto- 
storoids in the spondylitis cases than m normal men, but no such tendency was 
demonstrated m the rheumatoid arthntis group One of our purposes was to 
confirm or refute those observations Other workers (Carter and Maclagan, 
1940 , Rennie and Rae, 1947) have stated that certain serum flocculation 
reactions are abnormal in a proportion of cases of rheumatoid arthntis, but as 
far as wo are aware no such observations have been made in patients with 
ankylosing spondylitis It was, therefore, decided to carry out a comparable 
senes of these reactions in the two diseases Our third object was to examine 
as fully as possible tho radiological changes found in ankylosing spondylitis, to 
assess tho significance of these changes m relation to the pathogenesis of the 
disenso, and to aid early diagnosis and treatment In tho pursuit of these three 
objects a certain number of data of a purely cluneal character have been col- 
lected u luclv are considered worthy of record 

Material 

Tho radiological observations arc based on 137 cases, consisting of 118 male 
and 19 fcmalo patients The ages of the men varied from 17 to 73 years and 
of t ho \\ omen from 25 to 09 years Tho cluneal and biochemical investigations 
ncro made on 27 of theso patients, of whom 10 had received deep X-ray therapy 
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and 11 had not Sorum flocoidntion reactions w era also earned out in 20 patients 
■with rheumatoid nrthntis, of whom 19 wore female and seven male, varying in 
ago from 1 0 (o 00 years Fourteen of these patients had been treated with gold. 
In fable I an analysis is givon m five-year periods of the ages when symptoms 
•wore first noticed in all the cases It shows that in most cases m either sex 

Tattle I 

AncoJ bii'lcr 16 to 21 to 20 to 31 to 30 to 41 to 40 to 51 to SO to 61 to), 
amet 16 20 2 5 30 36 40 45 60 55 60 65 ) lcart 

1 11 ‘10 20 If, 7 1 4 2 0 2 

Women 0 1 4 0 2410010 

symptoms begin between the ages of 21 and 30 years, but as cases occurred at 
any' ago from 10 to 05 y ears, tbo disease is not one which is entirely confined to 
any' particular age-group 

It hns also been possible to analyse tbo length of time between the onset of 
symptoms and the radiological diagnosis of tbo condition (Table H) This table 

Table II 

bndt'r 1 yr 1 to 2 yrs 2 to 5 yrs 5 to 10 yra 10 yrs and or tr 
Xiunbcr of crwe-i 9 32 C7 21 18 

shows that too often there is great dolay in diagnosis and, therefore, m institut- 
ing proper treatment, so for as wo know it at present 


Radiological Findings 

Though Freund (1942) described tlio histology' of the joint changos in an ad- 
\ anced case of spondylitis, no published references to tho histological examina- 
tion of the early' changes have been found McWhirtor (1045) described changes 
m tho atemo-manubnal joint and suggested the possibility of biopsy m this 
situation, but no records have been published of any such examination A 
knowledge of tho pathological process m its early stages and during its course, 
therefore, depends to a largo extent on the interpretation of the radiological 
appearances The primary lesion is in tho joint and the pathological process is 
one which brings about destruction of articular cartilage This process is the 
same m any' joint involved, but the earhest changes are more easily demon- 
strated in some joints than others The earhest detectable sign is a marginal 
decaloification of tho joint surface, which is shown by areas of erosion causing 
absorption of tho sub-articular cortex, an osteoclastic process This progresses, 
producing an apparent widening of tho joint space, and there is often an associ- 
ated sclorosis of bono on the side of the erosion away from the joint space 
, (Plato 23, Fig 2). Tho latter is presumably on osteoblastio reaction Destruction 
of the articular cartilage then takes place, leading to actual narrowing of the 
joint space, at this stage amorphous calcium deposits can sometimes be 
detected m tho joint oavity (Plate 23, Fig 3) Reconstruction of the bony can- 
cellous architecture follows, leading to complete bony ankylosis, an osteoblastio 
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activity (Plate 24, Fig 4) The whole process is most easily observed in the sacro- 
ihao joints, and is usually first detected radiologically there It can also he well 
demonstrated in the costo-transverse joints (Plate 24, Fig 6) and the symphysis 
pubis, involvement of the latter being usually a late development The same 
process occurs, but is not so easily demonstrable in its early stages, m the 
posterior spinal articulations, the stemo-elavioular and other sternal joints, and 
some of the peripheral joints, such as the hip and shoulder In the spinal and 
peripheral joints it is often possible to demonstrate only a local osteoporosis 
and destruction of articular cartilage causing narrowing of the jomt space In 
the sacro-iliac joints and spine the condition is always bilateral, in the 
peripheral joints it may sometimes be unilateral 

Osteoblastic activity may also be seen in other sites, the commonest of which 
are the Bpinal ligaments The anterior longitudinal ligament is usually the first 
to become involved, its attachments to the margins of the vertebral bodies often 
being the first site of calcific deposition, causing what has been described as 
a ‘marginal squaring’ of the bodies (Rolleston, 1947) If the disease is not 
arrested, the posterior longitudinal ligament and ligamenta flava also ossify, 
and in some cases the lateral margins of the annulus fibrosus, this final very 
advanced state producing the classical picture of the ‘bamboo spine’ Liga- 
mentous ossification is an inconstant and often late accompaniment of the other 
pathological processes , its presence indicates that the disease is considerably 
advanced, but on the other hand it may be entirely absent even m very advanced 
cases Also in advanced cases an osteoblastic invasion of muscle attachments, 
especially those on the outer surfaces of the pelvis, may occur (Scott, 1942) 
The isohial tuberosities when involved provide an interesting example of this 
type of osteoblastic activity Usually it is preceded by the development of cyst- 
like areas of decalcification or erosion at the margins of the tuberosities at the 
site of origin of tko adductor magnus This may progress no farther or may in 
time show evidenco of osteoblastic invasion of the muscle origin (Plate 25, Fig G) 
It seems possiblo, therefore, that m other regions where such osteoblastic 
mvasion occurs it also is preceded by similar erosions, but that owing to their 
site these aro not detected Radiologically these areas of erosion differ m no 
way from thoso which occur in sub-articular bone in the early joint manifesta- 
tions of the disease, and as both occur m the course of the same disease it seems 
reasonable to regard them as part of the samo pathological process Two further 
points aro worthy of note 

1 It has been stated that no diminution in intervertebral spaces occurs 
(Wdliams, 1039), but it is the experience of the present writers that there is 
often narrowing of these spaces, particularly m the dorsal region An attempt 
is Bomctunes made to classify ankylosing spondylitis mto two types, spondvhtis 
ossificans hgamentosa (the Mano-Strumpell type) and spondjhtis muscularis 
(the Bechtcrcw t ypo) , it is stated that no narrowing of intervertebral spaces 
occurs m tho former while in the latter there mny bo narrowing anteriorly with 
fusion of the anterior margins of tho bodies Our experience shows that the 
processes which lead to the appearances classified ns tho Bechterew type arc 

v IQJ.M. Jew 8«WJ. 0.71] 0 
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tho samo as those which load to tho Mano-Stnunpoll type It appears that if 
ossification of tho ligaments occurs m early life tho bridges thus formed buttress 
tho intervertebral spaces and prevent narrowing If ossification of the ligaments 
fads to ocour or is a late feature of tho diseaso, degonorati ve changes in the disks 
may cause narrowing of tho intervertebral spaces (Plate 20, Pig 7) If osteo- 
blastic activity oocurs after atrophy of the disk has caused approximation of 
tho anterior parts of tho bodies, it may bo oxpected to bring about bony fhaon, 
and this in fact docs occur 

2 Generalized osteoporosis is an infrequont accompaniment of tho disease, 
but docs sometimes occur Usually, apart from tbo marginal decalcification of 
tho early stage, tho bony texture and tbo apparent degree of bony caloifioation 
remain normal In our oxpcnonco all cases showing a generalized osteoporosis 
have been clinically acute and nctivo examples of the disease, hut not all acute 
cases show osteoporosis, and none of tho quiescent or insidiously progressive 
cases in our senes havo shown it 

Thus, tho pathological process appears to bo one causing osteoclastic erosion 
of sub-articular bone and sometimes of bono beneath musoh attachments, this 
is followed by destruction of articular cartilngo, and in turn leads to osteoblastic 
notmty producing bony ankylosis of tho joints, bony invasion of muscle attach- 
ments, and ossification of tho spinal ligaments If radiological signs are present 
in tho spine, thoro are always changes m the sacro-ihac joints, and it seems likely 
that tho latter are tho earliest indication of tho disease All stages may he 
presont in tho samo pntiont Tho spinal changes do not necessarily develop in 
a caudo-ccphahc direction, ns has sometimes been stated, and there may be 
advanced changes in two widoly sopnrnted regions of the spme with no detect- 
able abnormality botw con the two sites 

It is possiblo to olnssify tho radiological changes into three grades 
Qradc I Early cases, that is, those showing radiological evidence of sub- 
articular erosions, with no evidence of destruction or narrowing of joint spaces 
Grade II Intermediate cases, that is, those showing narrowing of joint spaces 
indicating destruction of articular cartdago 

Grade III Advanced cases, that is, those showing bony ankylosis of any 
joint involved 

Tho radiological appearances in the 1 37 cases investigated have been analysed 
and are shown in Tablo HI All cases had involvement of the sacro-ibao joints, 
and 15 wore encountered in which no other radiological changes could be 
detected. It is interesting to note that m Grade I no case ooourred in which 
ovidonce of ossification in spinal ligaments could be deteoted , in earlier investi- 
gations great importance was attached to identification of this sign It is now 
clear that by the time such ossification appears, the disease is advancing beyond 
the early stage, and indeed, m the total senes, there were 11 cases classified as 
‘advanced’ in which no evidence of ligamentous ossification could be found 
It is also interesting to note that in tho early cases characteristic changes were 
deteoted m the postenor spinal articulations m 36 per cent and in the costo- 
transverse joints m 68 per cent In the intermediate cases the figures for these 
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two sites woro 84 nnd 78 per cent respootivoly, and in the advanced cases 

00 nnd 88 per cont respectively. Eorty-soven cases showed involvement of one 
or more peripheral joints The joint most commonly nffcoted was the hip, and 
m fact ono or both lups woro involved m all 47 cases, but m addition some of 
thorn showed changes m the knee nnd shoulders Sixty- three cases showed 
narrowing of intorvortobral spaces , all theso pationts woro over 35 years of age 

Clinical Analysis of 27 Cases of Spondylitis ( Tables IV and V) 

Sixteen cases had been treated with deep X-rays and 11 had not There was 
ono female patient in fcho tronted group and threo in the untreated group At 
tho tu no of interview the averago ago for tho treated group was 31 years and 
for tho untreated group 38 years, and tho average age of onset of symptoms for 

1 he two groups respectively was 23 nnd 28 years Thus, tho untreated patients 
were slightly oldor nnd had suffered from tho disease for a slightly longer penod 

Tho occupational nnd social histones revealed nothing significant, two 
patients had suffered from poptio ulceration, ono from pulmonary tuheroulosis, 
one from pneumonia nnd myocarditis, and two from scarlet fever, of whom one 
had also had gonorrhoea Nephrectomy had been performed on one other patient 
for renal calculi The relationship of trauma to spondylitis is thought by some 
to bo of importance (Parr nnd Slnpton, 1 94G), but m tho present senes only one 
patient had suffered sovero trauma to Jus back before tho onset of symptoms, 
nnd eight others gave a history of slight trauma to tho baok or thighs before 
tho onset of tho disease Tho severe trauma was a crush injury to the spine 
sustained whilo the patient was working as a coal-minor, while the minor 
injunes woro strains or falls winch woro not thought to be severe at the tune 
when they occurred, but wore recalled as possible causes for the symptoms 
v> hich developed later Evidence m support of trauma as a major eetiological 
ngont" m spondylitis is, therefore, lacking 

In two of tho four fomalo patients symptoms wore first noted shortly after 
partuntion In nil pationts tho onset was gradual and tho initial Bymptom was 
pam, usually intermittent, but sometimes constant and nearly always preceding 
stiffness It bogan ns a rule in tho iumbo-sacral region, sometimes elsewhere in 
tho baok or m ono lup or thigh , ns it increased it frequently involved the neck 
and m duo courso was followed by spinal rigidity and deformity. Infrequently 
pam and stiffness wore noticed first in the knees or shoulders, and a fow patients 
complained of opigastno or ohest pam only Generally the pam, wluoh was 
aching in character, was worse after a penod of immobility and tended to 
diminish with movoment It was remarkable how few patients experienced 
real difficulty m getting about, some preferred cycling to walking m spite o 
tho difficulty m turning tho head Some expenenced great difficulty m finding 
a comfortahlo position in bed, and with increasing spinal stiffness dressing 
became a problem, but on the whole these patients adapted themselves weU 
to their disabilities Only one patient was bedridden when first examined an 
tins was due mainly to extensive bilateral hip-jomt involvement 

Most patients were rather thin and a fow overweight, but as a rule the general 
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health had suffered remarkably little The majority showed rigidity 0 f some 
part of the spinal column, often aocompamed by kyphotio deformity and loss 
of tho lumbar curve Limitation of lup movement was frequent, but shoulder 
involvement was much less common. In a few cases tho neok was completely 
ngid Clinical scoliosis and marked lordosis wore each seen only m one case 
Chest expansion was measured m 24 cases and ranged from 0 76 to 3 0 m , 
n\ orngmg 16m for tho v hole group Limitation of expansion was most 
marked in untreated patients with advanced radiological changes, but even in 
theso ftovoro cases it was less marked m the patients who had received deep 
X-rny thorapy Tho abdonnnnl v all usually sagged forward and breathing was 
mamly diaphragmatic and abdominal 

Pulmonary diseaso v as found in two cases, one pationt having a mild chronic 
bronchitis and tho other long-standing non-active pulmonary tuberculosis 
Clinical cardiovascular, abdominal, or neurological disease was not discovered 
m any caso Splenomegaly and lyraphnodo enlargement were absent Clinical 
examination for focal sepsis was entirely negativo and clinical signs of anaemia 
absent A fow patients had full blood examinations which showed no significant 
abnormality. A short period of low-gmdo pyroxia was seen m one early case, 
othorwiso tho patients woro all nfobnlo One patient gave a history of gonor- 
rhoea 12 years previously, a year before symptoms of Bpondyhtis commenced, 
and tho gonococcal complement fixation test m tlus case was positive No other 
patient gavo a history of gonorrhoea, but tho complement fixation text was 
doubtful m tv o cases, and gavo slight fixation m one other One serum was anta- 
complomcntary Particular attention w ns paid m clinical examination to signs 
of possiblo ondoenno diseaso, but theso were entirely absent , all patients had 
dovclopcd normnlly and their sox development and outlook were normal One 
fomnlo patient had bccomo moderately obese and sterile after deep X-ray 
therapy Dermatological examination revealed no abnormalities, andno patient 
gavo a history of psoriasis Eyo complications of ‘ rhewnatio ’ types are said 
to occur with ankylosing spondylitis , m the present senes three patients had 
suffered from mtis at somo stage in the disease One had received X-ray therapy 
and tv o had not All cleared up on routine ophthalmological treatment and 
nono suffered relapse 

Blood sedimentation rates m ankylosing spondylitis appear to bear little 
relationship to tho radiological state In the group of treated cases the average 
blood sedimentation rate (Westergren) was 28 mm ml hour, but waned from 
3 to 92 mm in individual cases In untreated cases the average was 26 mm m 
1 hour and vanod from 3 to 100 mm Correlation of the blood sedimentation 
rate with radiological grading shows that the average for treated and untreated 
cases respectively was 24 mm and 38 mm in Grade I, 26 mm and 30 mm m 
Grade 33, and 34 mm and 18 mm in Grade 331 It is, therefore, difficult to 
assess the significance of blood sedimentation rate readings, but it is correct 
to state that tho blood sedimentation rate is raised m the majonty of cases We 
hope to investigate this problem further, attempting to correlate the blood 
sedimentation rate readings with the ohmcal state and stage of therapy 
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Practically all patients m both groups bad received some form of treatment, 
such as various forms of physiotherapy or gold injections, but they had not in 
any way received benefit The one form of treatment which did subjective good 
was deep X-ray therapy All but two patients so treated improved greatly after 
one or more courses , pain was much diminished, stiffness improved to a lesser 
extent, and when the course was completed the patients’ general condition was 
always improved 

Two cases require farther clini cal comment The first was a miner aged 
40 years who had been kyphotic for 30 years and whose only symptom was 
slight abdominal discomfort His chest expansion was 0 75 m and there was 
complete rigidity of the thoracic and lumbar spine, but excessive mobility of the 
hips suggesting the possibility of latent tabes dorsalis , this, however, was 
oxcluded by further investigation He had never had any treatment and was 
carrying on with his work as a hewer at the coal face The second case was also 
a min er aged 43 years who had developed ankylosing spondylitis six years 
previously, and had suffered and recovered from an attack of intis during the 
first two years of his illness A few months after the intis he developed typical 
rheumatoid artlmtis involving hands, feet, knees, and elbows, leaving him with 
considerable residual deformities m the hands and feet During the whole of 
this penod the spondylitis appears to have progressed independently and to 
have been unaffected by the other condition The clinical, radiological, and 
biochemical findings suggest that this patient was the subject of two separate 
pathological processes, each developing independently and according to its own 
pattern His present state is that of a man with non-active rheumatoid defor- 
mities and slowly progressive ankylosing spondylitis 


Biochemical Findings 

Biochemical investigations were earned out on the same group of 27 patients, 
namely, 23 male and four female subjects In each patient, appropnate blood 
specimens wore collected for the following determinations, the plasma alkaline 
phosphataso, by the method of Jenner and Kay (1932), the plasma inorganic 
phosphorus, the scrum-calcium, the serum thymol turbidity and thymol floccu- 
lation reactions at pH 7 55 (Latner, 1948), and the serum colloidal gold precipi- 
tation test at pH 7 55 (Latner, 1948) In addition the 24-hour urinary excretion 
of 1 7-hctosterouls vas determined The technique adopted m this laboratory 
invoh cs a much longer extraction penod than the modified Robbie and Gibson 
technique desenbed by Davison, Kocts, and Kuzell (1947) Parallel determina- 
tions by the latter method and our own have been earned out on a senes of 
unnes and lin\ e been found to giro results m remarkably close agreement 
Tlio findings obtained in the biochemical investigations are given in Tables VI 
and VII and show that the results seem to bear no rclationslup to the presence 
or absence of previous deep X-ray therapy The senim flocculation reactions 
were performed in order to compare the findings -with those in the group of 
2G patients suffenng from rheumatoid arthntis (Table YHI) It is alrcadj 
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known that in the latter condition there is a marked tendency for abnormal 
flocculations to occur (Carter and Maclagan, 1946 , Rennie and Rae, 194/ ) The 
thymol turbidity and thymol flocculation reactions are essentially part of the 
same test They are, therefore, included in the Tables under the heading of 
the combined thymol test, which is said to be positive if the turbidity exceeds 

Table Viil 

The Serum, Flocculation Reactions in 26 Gases of Rheumatoid Arthritis 



Age 

Combined thymol 

Colloidal 

Sex 

(years) 

reactions 

gold test 

F 

40 

Positive 

Positive 

31 

45 

It 

11 

F 

01 

Negative 

Negative 

F 

63 

11 

Positiv e 

31 

51 

H 

11 

31 

60 

»* 

Negativ e 

F 

64 

»* 

91 

F 

66 

Positive 

Positive 

F 

60 

11 

11 

M 

46 

91 

11 

F 

43 

91 

If 

F 

16 

11 

Negative 

F 

59 

Negative 

Positive 

F 

51 

Positive 

91 

F 

49 

Negative 

11 

F 

66 

Positive 

11 

31 

45 

Negativo 

Negativ e 

F 

43 

11 

tt 

F 

35 

11 


31 

48 

Positive 

11 

F 

60 

Negativ e 

11 

F 

55 

Positiv 0 

Positive 

F 

60 

Negativ e 

Negative 

F 

42 

11 

91 

F 

62 

» 

11 

F 

63 

Positiv e 

Positiv e 


four Maclagan units (Maclagan, 1944b) or if the flocculation exceeds one plus 
Similarly, tho colloidal gold precipitation test is said to bo positive if it exceeds 
one unit (Maclagan, 1944a) In no case of ankylosing spondybtis was either 
of the flocculation tests positive, m marked contrast to the group of 26 cases 
of rheumatoid arthritis wluch show ed a positive combined thymol reaction in 
46 per cent of cases and a positive colloidal gold precipitation m 54 per cent 
A positivo flocculation reaction of one kind or another was shown in 62 per cent 
It will also bo seen from Tables YI and VII that the plasma inorganic phos- 
phorus and scrum-calcium levels were all within the normal range In the 
majority of cases of ankylosmg spondybtis investigated, the same may bo said 
of the plasma alhahno phosphataso, wluch m this laboratory has been found 
to ha\ e a normal range of 3 to 8 Jcnncr nnd Kay units per 100 c c of plasma 
A fow cases of X-ray Grades II nnd III w ore slightly raised above tho normal 
range This can lie seen in Fig 1 , in n Inch tho alkaline phosphataso levels have 
been diagramraatically represented in terms of X-ray grading Raised values 
were found in three out of 10 of Grade II nnd in five out of 10 of Grade III 
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pationte The normal range of urinary 17-kotosteroid excretion found in this 
laboratory is 2 to 18 mg per 24 hours for female and 0 to 23 mg per 24 hours 
for male subjects Tko 17-kotostoroid oxoretion m the group of cases of anky- 
losing spondylitis was, thoroforo, essentially normal Hour patients, including 

one woman, had unnaiy excretions in 
the somewhat low range of 2 to 4 mg. 
per 24 hours No significance can be 
attached to this finding 

Discussion 

. The aetiology of this fairly common 
and disabling disease is unknown 
uj There 13 no evidence in the present 
2 senes of cases that tuberculosis, gonor- 
<* rhoea, focal infection, trauma, or endo- 
j errno disease play any part, nor is there 
g any evidence of a familial incidence 
§ The senes gives no support for the 
f supposed preddeotion of the disease for 
young athletes Parr andShipton (1946) 
have desenbed a p re-spondylitic phase 
of generalized pains, whioh gradually 
passes into tho first stage of the disease 
proper, in which pain and stiffness 
X-ray grading become localized generally to the hack 

In all but rune of the 137 cases m our 
Fm 1 Correlation between X raj grad- ehtpsed between the 

mg and plasma alkaline phosphntoso in ’ J f 

27 cases of ankj losing spond j litis onset of symptoms and the radiological 

(. «= Treated o = -Untreated ) diagnose, and in some cases this penod 

extended to over 1 0 years Our evidence 
docs not bIiow how soon radiological changes may be demonstrated, hut it 
suggests that in some cases at least they are present within a few months of 
tho onset of symptoms Earlier diagnosis should, therefore, be possible if this 
condition is kept clearly in mind It has been stated (Lennon and Chalmers, 
1948) that ankylosing spondylitis and rheumatoid arthritis are the same disease 
Wo find it impossible to agree with tins statement on clinical, radiological, 
bioohomical, or thorapoutio grounds Ankylosing spondyhtis appears to be 
a disease eui generis, with its primary pathological lesion in the sub-articular 
bone and only secondary pathological ohanges m ligaments and joints 
In considering tho radiological features of the disease certain faotors stand 
out Publications in the past have stressed that phase of the disease m whioh 
ossification occurs m joints, ligaments, and muscle attachments Scott (1942) 
and subsequent writers have drawn attention to the sub-articular erosions which 

rtnvi Vig DAAn in f.ho an nm-ilin n imnffl in flflxlv OflSSS JTowover. "tllGrO llflS 1>60I1 too 
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little detailed attention paid to the disease process as a whole, and too little 
attempt to correlate all the changes that may occur. Prom the present analysis 
it is possible to present these changes in terms of one pathological process One 
phase of the process may best be observed in one site, another phase m another 
ate , the appearances m one site may leave the diagnosis in doubt, but examina- 
tion of another confirm it This conception of the pathological process as 
primarily an osteoolastio one makes an understanding of the subsequent osteo- 
blastao aotmty easier The osteoblastic process appears to be a reaotion to the 
initial destruction, at first presenting a bamer to this process, later bringing 
about reconstruction of the bony architecture , this occurs first within the 
normal confines of bony structure, then extends into the adjacent artaoular 
cartilage, pen-articular ligaments, and musole attachments This conception 
of the changin g nature of the pathological process is important primarily from 
a diagnostic pomt of view, but also in directing any future research into the 
aetiology of the disease Diagnosis depends essentially on radiological investi- 
gation Advanced cases will be diagnosed clinically, but if treatment is to be 
instituted in useful tune the condition must he diagnosed early 
The radiological picture of the advanced case is unmistakable In early and 
intermediate cases the important points to bear m mind are that the saoro-iliao 
joints are always involved, that in these joints and the spmal joints the condition 
is always bilateral , and that usually m addition changes can be detected in 
other sites, such as the costo-transverse joints or ischial tuberosities Tubercu- 
losis of a aaoro-ihac joint also causes a marginal erosion of the articular surfaces, 
hut is almost invariably unilateral, is often localized to one part of a joint, and 
produces none of the other changes associated with spondylitis The only other 
condition which may cause appearances bearing some resemblance on first 
inspection to spondylitis is the little-understood disorder known as osteitis 
condensans llu whioh causes eolerosis of the iliac portion of the sacro-ihac joints 
and is often associated with low baokaohe, but produces no marginal erosion, 
no narrowing of joint spaces, and none of the other associated ohanges 
As recently as 1947 Angevme, in discussing the pathology of rheumatio 
diseases, referred to ankylosing spondylitis as a ‘rheumatoid arthritis of the 
spine’ The changes demonstrated radiologically m the joints m rheumatoid 
arthritis do not appear to be the same as those we have described in ankylosing 
spondylitis, and there certainly does not appear to he any radiological evidence 
to support that view, though it is a view widely held in the United States of 
America and to a lesser extent in this country 

In the group of cases of ankylosing spondylitis investigated biochemically, 
the urinary 17-ketosteroid excretion was never above normal We cannot, 
therefore, agree with the findings of Davison, Koets, and Kuzell (1947) that 
there is a trend towards a greater excretion than normal in patients suffering 
from this disease We are also at a loss to explain this divergence m the findings 
The explanation cannot he m the previous application of X-ray therapy, as 
II of our patients were untreated, which equals the number of untreated cases 
moluded in the report of Davison, Koets, and Kuzell It is interesting to note 
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patients The normal range of unnary 17-kotosteroid excretion found in this 
laboratory is 2 to 18 mg por 24 liours for female and 0 to 23 mg per 24 hours 
for malo subjoots The 17-kotostoroid excretion in the group of cases of anky- 
losing spondylitis was, thoroforo, essontmliy normal Four patients, inoludmg 

ono woman, had unnary excretions in 
the somewhat low range of 2 to 4 mg. 
por 24 hours No significance can be 
attached to thiB finding 

Discussion 

. Tlio notiology of this fairly common 
j and disabling disease is unknown 
uj There is no evidence in the present 
z senes of cases that tuberculosis, gonor- 
cc rhoca, focal infection, trauma, or endo- 
j enno discaso play any part, nor is there 
g any evidence of a familial incidence 
§ The Bencs gives no support for the 
f supposed predilection of the disease for 
young athletes Parr and Shipton (1946) 
have desenbed a pre-spondyhtio phase 
of generalized pains, whioh gradually 
passes into the first stage of the disease 
proper, in which pain and stiffness 
X-ray grading become localized generally to the back 

In all but nino of the 137 cases in our 

,„fn pSTSStoSSari “»»• ^ ^ ^ 

27 cases of nnlrv losing spondj litis onset of symptoms and the radiological 

(. = Treated o = Untreated ) diagnosis, and m some cases this period 

extended to over 1 0 years Our evidence 
does not show how soon radiological changes may be demonstrated, hut it 
suggests that m some cases at least they are present within a few months of 
tho onset of symptoms Earlier diagnosis should, therefore, be possible if this 
condition is kept clearly in mind It has been stated (Lennon and Chalmers, 
1948) that ankylosing spondylitis and rheumatoid arthritis are the same disease 
Wo find it impossible to agree with this statement on clinical, radiological, 
bioohomical, or thorapeutio grounds Ankylosing spondylitis appears to be 
a discaso sni generis, with its primary pathological lesion m the sub-articular 
bono and only secondary pathological changes in ligaments and joints 
In considering the radiological features of the disease certain faotors stand 
out Publications in the past have stressed that phase of the disease in which 
ossification occurs m joints, ligaments, and muscle attachments Scott (1942) 
and subsequent writers have drawn attention to the sub-articular erosions whioh 
can be seen in the saoro-ihac joints m early cases However, there has been too 
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2 Radiological analysis has led to the grading of oases and suggested a prob- 
able pathogenesis 

3 Twenty-seven cases have been subjected to clinical and biochemical 
investigation The results obtained have been correlated with the suggested 
pathogenesis 

4 Unnary 17-ketosteroid exoretion was within normal limits 

5 The serum flocculation reactions have been contrasted with those m a 
group of 20 cases of rheumatoid arthritis 

We wish to thank Professor P J Nattrass for much helpful criticism and 
advice in the preparation of this paper, and Mr 0 J Duncan, Director of the 
Photographio Department, King’s College, for the illustrations 
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that in accordance with what is already known of tho blood chemistxy of tbs 
condition, tho sorum-onloium and plasma inorganic phosphorus were within the 
normal range in untreated and treated cases Tho plasma alkaline phosphatase 
levels wore of interest In no caso was tho alkaline phosphatase greatly raised. 
All cases in X-ray Grado I wore within tho normal rango, apart from one whioh 
was a fraction of a unit nliovo tho upper limit of normal, but there were slight 
increases abovo normal in 30 per cent of Grado 1 1 and 50 per cent of Grade HI 
Tlicso findings aro in accordance with tho radiological description of the patho- 
genesis of tho condition already given It is well known that muoh of theplasma 
nlkahno phosphataso is donvod from osteoblastic activity, and its level is often 
a reflection of this process It may bo deduced, therefore, that in Grade I there 
was no inoreaso m ostcoblastio activity, whoreas, m Grades II and D3, there 
was a slight increaso above normal Correlating these findings with the demon- 
strated pathological changes, it may bo suggested that 

1. All cases m Grado I aro in tho early phaso of erosion of the aubartioular 
bono It will bo remembered that no single case gave radiological evidence 
of ossification of tho spinal ligaments 

2 In Grado II osteoblastic activity has commenced This grade consists of 
cases showing sclorosis of bono on the side of tho erosion away from the 
joint space, ns well as some abnormal calcification m joint Bpaces or 
ligaments 

3 In Grado HI ostcoblastio activity has gone a stage farther and abnormal 
ossification is more manifest In this grade, the four cases showing raised 
phosphataso values and, thoreforo, increased osteoblastic activity, occurred 
in the first 10-year ponod On the other hand, the three cases of longest 
duration showed normal phosphatase values, inchoating that ostcoblastio 
aotmty was probably normal So far as increased ostcoblastio activity 
is probably a rcaotion to activity of tho disease process, it follows that the 
disease is progressive for a decade or more and eventually bums itself out 

Many still behove that ankylosing spondylitis and rheumatoid arthritis are 
variants of tho snmo disease (Ellman, 1948, Lennon and Chalmers, 1948) 
Strong evidence against tho identity of the two diseases is afforded okmoally 
by tho great difference in the sex distribution and tho response to gold therapy 
Biochemically, tho lack of identity is indicated by the negative serum floccula- 
tion reactions in all tho cases of ankylosing spondylitis which we have investi- 
gated, in contrast with the positive reactions in a large percentage of our cases 
of rheumatoid arthritis The evidence is further strengthened by the fact that 
such findings wore demonstrated m male as well as female patients, while the 
nogativo flocoulations m ankylosing spondylitis were given in patients of both 
sexes It was, therefore, the patient’s disease, and not the patient’s sex, which 
determined tho flocoulation reaction 

Summary 

1 A group of 1 3 7 cases of ankylosing spondylitis has been investigated radio- 
logioahy and correlated with age of onset and duration of the disease 
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2 Radiological analysis has led to the grading of cases and suggested a prob- 
able pathogenesis 

3 Twenty-seven cases have been subjected to clinical and bioohemioal 
investigation The results obtained have been correlated with the suggested 
pathogenesis 

4 Urinary 17-ketosteroid excretion was within normal limits 

5 The serum flocoulataon reactions have been contrasted with those m a 
group of 20 cases of rheumatoid arthritis 

We wish to thank Professor 3? J Nattrass for much helpful criticism and 
advice m the preparation of this paper, and Mr C J Duncan, Director of the 
Photographic Department, King’s College, for the illustrations 
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Irregularity of the arteriolar lumen (Plate 27, Eig 5) We are rightly reminded 
by Gowers in his hook on Medical Ophthalmoscopy m 1890 that ‘the red lines 
spoken of as the retinal arteries or veins are not the vessels themselves, but the 
columns of blood within them The walls of the vessels are, as a rule, invisible 5 
The two sides of the blood column are normally parallel, although a little 
deviation may occur at points of branchirig Irregularity of the lumen of the 
arteriole usually appears as a gradual narrowing of the blood column with 
sudden or gradual return to its previous diameter This may be repeated on 
many occasions as the artery is traced towards the periphery Sometimes the 
changes are more localized and are seen to be nng-like m character Every 
branch must be searched for this sign as it may be confined to some of the 
smaller ones In a few cases an apparent irregularity of lumen was optical m 
origin, due to lack of uniformity in the refractive media of the eye Such 
irregularities caused little difficulty because they disappeared when the same 
pomt was examined from a slightly different angle The degree (+ to +H — (-) 
of irregularity of lumen was recorded for each of the eight mam arterioles in the 
two eyes (Table I) Changes m the lumen have been variously ascribed to local 
atheroma (Raehlmamn, 1902, Coats, 1906, 1913) and to localized spasm (Hasel- 
horst and Myhus, 1928) Probably both these changes are mvolved Manlove 
(1946) has shown m histological studies of subjects with malignant hypertension 
that mtimal proliferation is rare in the retinal arterioles 
Generalized arteriolar narromng (Plate 27, Eig 5) In 1876 Gowers pointed 
out the relation between narrow retinal arteries and high blood-pressure as 
determined! ’ ’ • 1 ' ,-n,„ ,, ,i,„ r\ *hunr! ^ rhfficult to say 

whether the direct 

comparison ' ^. as 

inconstant, f 

‘ artenosclw 
1937 , Bjorl 

or not, as t , 

been made! * *' 

the width o i '[ 


panion vem 
himself hac 
cannot be,l 

‘The rek 
ness than U 
turn of tlie 
Sometime? 
veins acco i 
vessels wh i>‘ 
and are ai j 
as a rule, ! 
the vein 
of the ves 
large mere 
[Q J1L New 




7 




204 


A LEATHAM 


careful estimate of the blood-pressure was then mndo and always repeated in 
patients with hypertension The swo of the loft vontnole was judged by cardio- 
soopy, and an electrocardiogram was often taken The condition of the nght 
brachial artery w as noted Caro was taken to o-ccludo aortio valvular disease, 
cliromo nophritis, and coarotation of the aorta. 


Methods 

Ophthalmoscopy was invariably performed first The patients were examined 
m a iv cll-shadcd room and only accepted if the fundus was well seen A mydn- 
af id w as seldom omploj'ed Tn some cases the arrangement of the retinal vessels 
follows a characteristic pattern (Plato 27, Fig 4) The central retinal arteiy 
divides into two main branches, which again dividointo two, usually on or near 
tho disk, so that four mam arterioles radiate from tho region of the disk , these 
comprise superior and inferior temporal branches, and superior and inferior 
nasal branches Each branch is usually accompanied by a corresponding vein 
Variations of this arrangement are often scon A routine was followed in the 
ophthalmoscopic examination bccauso abnormalities may ho confined to two or 
three branches and they must bo looked for For this reason, each of the eight 
mam arterioles m tho two oj-es was oxammed for irregularity of lumen, genera- 
lized narrowing, pallor, nipping and opacity of the artenal wall at arteno- 
\ onous crossings, and changes m tho hght reflex Tho results were compiled in 
a special table, an example of wluoh is shown in Table I Eaoh individual 


Table I 

The Findings on Ophthalmoscopy xn a Typical Patient until Hypertension, whose 
Bight Fundus is illustrated in Plate 27, Fig 5 


Irrrgulnritj oftholumon 
Artcno venous ratio 
Pallor of tlio blood 
column 

Nipping of a vein nt an 
arteno venous crossing 
Opncitj of tlio arteriolar 
wall at an nrlorio 
venous crossing 
Light roflox 


+ + 
+ + 


Right fundtia 


Left fundus 


Superior 

temporal 

arteriole 

+ + + 
3/0 

+ + 

0 


Superior 

Inferior 

Inferior 

Superior 

Superior 

Injrrtor 

Inferior 

natal 

temporal 

nasal 

temporal 

nasal 

temporal 

nasal 

arteriole 

arteriole 

arteriole 

artmole 

art molt 

artmole 

arteriole 

++ 

+++ 

++ 

0 

0 

0 

0 

3 5/C 

3/0 

3/0 

3 BIG 

— 

3 6/6 


+ + 

+ + 

+ + 

+ + 

++ 

+ + 

++ 

0 

+ + 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ + 

0 

+ + 

0 


0 Normal appenmneo + + Moderate changes + + + Great changes 
— artono venous ratio possiblo 


observation was tabulated m this way The wide range of normal venations in 
the appearance and arrangement of the retinal vessels is a well-known source 
of difficulty in doteotmg abnormalities With this m view, hundreds of fundi 
were examined before the investigation was started Further, patients with 
hypertension were interspersed with the healthy subjects who comprised nearly 
half the cases 
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the retinal vessels in hypertension 

Irregularity of the artenolar lumen (Plate 27, Eig 5) We are rightly remanded 
by Gowers in his hook on Medical Ophthalmoscopy in 1890 that ‘the red lines 
spoken of as the retinal arteries or Terns are not the vessels themselves, hut the 
columns of blood within them The walls of the vessels are, as a rule, invisible ’ 
The two sides of the blood column are normally parallel, although a little 
deviation may occur at points of branching Irregularity of the lumen of the 
artenole usually appears as a gradual narrowing of the blood column with 
sudden or gradual return to its previous diameter This may be repeated on 
many occasions as the artery is traced towards the periphery Sometimes the 
changes are more localized and are seen to be nng-like in character Every 
branch must be searched for this sign as it may be confined to Borne of the 
smaller ones In a few cases an apparent irregularity of lumen was optical in 
origin, due to laok of uniformity m the refractive media of the eye Such 
irregularities caused little difficulty because they disappeared when the same 
point was examined from a slightly different angle The degree (+ to +++) 
of irregularity of lumen was recorded for each of the eight mam arterioles in the 
two eyes (Table I) Changes in the lumen have been variously ascribed to local 
atheroma (Raehlmann, 1902 , Coats, 1906, 1913) and to localized spasm (Hasel- 
horst and Mykus, 1928) Probably both these changes are mvolved Manlove 
(1946) has shown m histological studies of subjects with malignant hypertension 
that intimal proliferation is rare in the retinal arterioles 

Generalized artenolar narrowing (Plate 27, Fig 5). In 1876 Gowers pointed 
out the relation between narrow retinal artenes and high blood-pressure as 
determined by the hardness of the pulse Moore (1916) found it difficult to say 
whether the artenes m an individual case were reduced in size when direct 
comparison with the normal was not possible and when the normal itself was 
inconstant, but he beheved that this should be considered as one of the si gns of 
‘ arteriosclerosis’ Recent studies are m accordance with this view (Wagener, 
1937 , Bjork, 1946) The difficulty is to decide whether the artenole is narrow 
or not, as the actual width cannot ordinarily be measured An attempt has 
been made in the present investigation to assess arterial narrowing by comparing 
the width of each of the four mam artenoles in both eyes with that of its com- 
panion vein, the arteno-venous ratio It was subsequently found that Gowers 
himself had desonbed this method m his text-hook of 1890 and his desonption 
cannot be bettered 

‘The relative size of the artenes and vems can be observed with more exact- 
ness than their absolute size A difficulty arises from the fact that the distribu- 
tion of the artenes and vems corresponds approximately but not exaotly 
Sometimes two arterial branches accompany one venous trunk , sometimes two 
veins accompany one artery But m each eye there is usually at least one set of 
vessels which have a nearly identical course and distribution, run side by side 
and are available for comparison When this is the case it will be found that’, 
as a rule, the width of the artery is about two-thirds or three-quarters that of 
the vein Special attention must be given to the number of primary branches 
of the vessel It often happens that veins are thought to be patholosicallv 
large merely because they are few ’ & j 
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It was found m the present investigation that if the branching of the veins 
followed the usual pattern, provided that papilloedoma, high venous pressure 
or local thrombosis wns absent, little variation m tho absolute sue of the veins 
ocourrcd in a largo number of cases with ommetropia This measurement was 
earned out with a gratioulo mounted m tho ophthalmoscope so as to project a 
scale on tho retina Apparent variation in the size of tho vein duo to magnifica- 
tion from refraotivo errors may occur, but is clearly of no importance when 
considering (ho artono-vonous ratio, because tho artery also would be affected 
Tho most important obstacle to comparison of the width of the artenole with 
that of its companion vorn lies m unpaired, or asymmetrical brandling of the 
nrtory nnd vein It is very common to see three or four small artenoles accom- 
panied by only ono vein, nnd no artono-vonous ratio is then possible The ratio 
of artery to vcm was recorded m sixths in as many of tho eight mam branches 
ns possible (Table I) 

Pallor of the. artenoles (Plato 27, Fig 5) Pallor of tho artonolar blood column 
(Wagoner, 1935) is a more dilBoult sign to recognize because these vessels aro 
nonnally paler than tho veins Tho edges of tho blood columns should be 
compared, thus excluding changes duo to tho light reflex 

The arteno-venous crossings (Plato 27, Pig 5) Much has been written about 
tho changes at artono-vonous crossings Normal variations are frequent and 
mtroduco difficulty, for example, slight bonding or displacement of the vein 
from its course and slight moreaso in the opacity of tho artenal blood column 
obscuring tho vcm (Pines, 1929) Those ohanges have not been considered 
Rare phenomena such ns banking or evidence of venous obstruction at the 
crossings and pipe-stom sheathing have also been excluded Nipping implies 
apparent constriction of tho vcm when it is crossed by an artery (Plate 27, 
Fig 5) Opacity of tho artonnl wall may be deduced from the presence of a 
olear area on oithor sido of the artenal blood column as it crosses the vein 
(Plato 27, Fig 5) Normally tho venous blood column can be Bern right up to 
tho edgo of the artenal column and, indeed, often nght through it 

Accentuation of the light reflex (Plate 27, Fig 5) Normally the light reflex 
consists of a narrow, clear, bnght streak bounded on either side by two distinct 
dark red lines Accentuation of tho light streak is usually desenbed in terms of 
copper or silver wire, and these expressions are a source of bewilderment to the 
ordinary obsorvor It is better to desonbe the light reflex as being bnghter, or 
widor than usual, whichever is tho case This is a difficult physical sign to 
interpret because it is an ncoentuation of a normal feature No reliance can be 
placed on changes in the light reflex at or near the disk Irregulanty of the 
roflox is found mainly in sovere cases (Moore, 1910) 

Tortuosity of the. retinal arterioles This was not considered to be a sign of 
hypertension because it was found as frequently m old people with a nonnfd 
blood-pressure ns m those with a high blood-pressure This is in agreement with 
Moore (1016) A searoh was not made for tortuosity of the small artenoles m 
tho macular region because it is of infrequent occurrence (Moore, 1916) and can 
be observed only through a dilated pupil (de Sohwemitz, 1906) 
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The blood-pressure This was taken with a mercurial manometer m the maimer 
recommended by the Cardiac Society and the American Heart Association in 
1939 The rea din gs were taken to the nearest multiple of five with the patient 
recumbent A blood-pressure of 155/90 was taken as the highest normal figure 



Fig 1 Slight left ventricular 
preponderance ( -f- ) 


Fig 2 Moderate left ventnonlar 
preponderance ( -f -f } 


Since it was difficult to classify patients with variable readings, the lowest 
reading obtained on or near the date of ophthalmoscopy was taken 
The size of the left ventricle This was assessed by anterior and left oblique 
fluoroscopic views Admittedly this method depends upon personal experience, 
but it is generally considered to be more reliable than the cardio-thoracic ratio 


(Parkinson, 1936, White, 1944, Sohwedel, 1948) Enlargement was graded as 
slight (+), moderate (++), and great (+++) (Plate 28, Figs 6, 7, and 8) 
Care was taken to distinguish the left ventricle of the transversely lying heart 
from that abnormally enlarged and to exclude patients with cardiac enlargement 
from infarction or any cause other than hypertension 

The electrocardiogram The electrocardiogram was analysed for ventricular 
preponderance as shown by changes m the S-T segments and T waves Depression 
of the S-T segments with low T waves m leads I, II, and CR, was described 
as slight left ventricular preponderance (+) (Fig 1) If the T waves were flat, 
it was desonbed as moderate left ventricular preponderance (++) (Fig. 2) 
If the T wave m lead I or CR, was inverted, it was termed great left ventricular 
preponderance (+++) (Fig 3) Care was taken to exclude all cases of cardiac 
infarction If there was any suspicion of this condition from the history and 
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physical signs, or if the electrocardiogram was not charaotenstio of left ventri- 
cular preponderance), tho record was discarded Electrical axis deviation was 
always recorded, hut it was not considered m tho final analysis because it is not 
a spocific sign of loft ventricular enlargement 



Flo 3 Groat loft ventricular 
preponderance {+ + +) 

Results 

The retinal arterioles m hypertension The fundi of 46 patients with hyper- 
tension where tho diastoho pressuro was 110 mm Hg or more were compared 
with thoso of 103 healthy subjects, including 14 old people with a systolic 
pressure of 165 or less and a diastoho pressure of 90 or less (Table U) Erom 
analysis of tho tables prepared, it was found that irregularity of lumen in two 
or more arterioles novor occurred in subjects without hypertension IrregulMity 
of lumon in two arterioles out of the possible eight m both fundi was regarded as 

slight (+), m three as moderate (++)» an< * 111 ^ our or more as 
Irregularity of lumen was found in 76 per cent of the suhjeots with a big 
diastoho pressure An nrteno-venous ratio of 3/6 m one pair of compara e 
vessels, with most of tho others showing a ratio less than the normal 4/6, was 
not found in subjects without hypertension and was regarded as evi mice o 
Blight {+) narrowing A 3/6 arteno-venous ratio m two pairs was reg a 
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moderate (++) narrowing, and in three or more as great (+++) narrowing 
In this way generalized narrowing was found m 61 per cent of subjects with 
a high diastoho pressure Other abnormalities occurred quite often in hyper- 
tension, but were also found in health There was pallor of the arterial blood 
column' m 94 per cent of those with hypertension, hut also m 5 per cent of 


Table IE 


The Retinal Arterioles m Hypertension 


Hvpebtenbion 
Diaatolio pressure 110 
or more (45 cases) 

Contboi, Semes 
SyBtolro pressure 165 
or less and diastolio 
pressure 90 or less 
(103 cases) 


Imvularitp 
of Vie 
lumen 

Namuino 

Pallor of 
Vie blood 
coltmn 

Nipping at 
arterio- 
venous 
crossings 

artenoiar 
trail at 
arterio- 
venous 
crossings 

Until reflex 
broader or 
more 

prominent 
than normal 

Upper- 

tentioc 

retinal 

artenoUi 

76 

61 

94 

36 

38 

61 

89 

0 

0 

64 

2 

6 

12 

0 


The figures are in percentages 


the healthy subjects There were changes at the arteno-venous crossings m 
37 per cent of those with hypertension, but also m 2 to 5 per cent of the 
control senes The light reflex was prominent or broad in 61 per cent of those 
with hypertension, but also in 12 per cent of the control senes However, com- 
binations of at least two of these three lesser signs, pallor, arteno-venous 
crossing changes, and abnormality of the light streak, were found only in 
hypertension Of all the cases with hypertension, 89 per cent were found to 
have changes peculiar to hypertension m the retinal artenoles, and these may 
be desonbed as hypertensive retinal artenoles 

The relation of changes in the retinal artenoles to the systolic and diastolic blood- 
pressure, hardening of the brachial artery, enlargement of the left ventricle, and left 
ventricular preponderance in the electrocardiograms The diastoho pressure is 
more significant than the systolic m cardiovascular disease, since it represents 
the resistance which the ventncular contraction must overcome to open the 
aortic valves, and approximates more closely to the mean blood-pressure 
Furthermore, it has been shown (Fmeberg, 1927 , White, 1944) that the prog- 
nosis m hypertension depends m ainl y on the diastolic pressure For these 
reasons, the cases have been arranged according to the value of the diastoho 
and systolic blood-pressure (Table EH) 

Hypertension with high diastolic pressure (Table EH) Forty-five subjects had 
a high diastoho pressure (110 mm Hg or over) Hypertensive retinal artenoles 
were present m 89 per cent of this group If the changes were graded from -f- 
to + + -f- m seventy, an average of + -f was recorded for this group Never- 
theless 11 per cent showed no changes which were diagnostic of hypertension 
The left ventnole was enlarged m 89 per cent and the nght brachial artery 
was hardened in 92 per cent In 32 subjects the diastolic pressure was slightly 
raised (95 to 105 mm Hg) , 62 per cent of this group had hypertensive retinal 
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physical signs, or if the electrocardiogram was not characteristic of left ventn- 
oular preponderance, the record was discarded Electrical axis deviation was 
always recorded, but it was not considered in the final analysis because it is not 
a spocifio sign of left ventricular enlargement 
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Fxo 3 Great left vontncular 
preponderance ( + + + ) 

Results 

The retinal arterioles in hypertension The fundi of 45 patients with hyper- 
tension where the diastolic pressure was 110 mm Hg or more were compared 
with those of 103 healthy subjects, including 14 old people with a systolic 
pressure of 155 or less and a diastolic pressure of 90 or less (Table II) From 
analysis of the tables prepared, it was found that irregularity of lumen in two 
or more arterioles never occurred in subjects without hypertension Irregularity 
of lumen m two arterioles out of the possible eight in both fundi was regarded as 
slight (-f-), m three as moderate (+-f ), and m four or more as great (+++ / 
Irregularity of lumen was found in 76 per cent of the subjects with a high 
diastolic pressure An arteno-venous ratio of 3/6 in one pair of compare e 
vessels, with most of the others showing a ratio less than the normal 4/6, was 
not found m subjects without hypertension and was regarded as evidence o 
slight (+) narrowing A 3/6 arterio-venous ratio in two pairs was regarded as 
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arterioles, and the average seventy of the changes was graded as ++ , 56 per 
cent had an enlarged left ventnole The value of ophthalmoscopy was parti- 
cularly dear m the borderline group of seven patients with a diastolic pressure 
of 95 Three had hypertensive retinal artenoles and all were later found to 
have enlargement of the left ventnole Of the other four with normal retinal 
artenoles, only one had enlargement of the left ventnole and this was slight 
Hypertension with high systolic pressure but normal diastolic pressure In 34 
patients the systolic pressure was moderately raised (160 to 220 mm. Hg) 
though the diastolic pressure was normal (90 mm Hg or under) They showed 
a lower incidence of changes in the retinal artenoles (50 per cent ) than the group 
with slight diastolic hypertension (62 per cent ), and occurred in older people 
The average age of the 34 patients in this group was 63 years, compared with 
56 years in 46 with a diastolic pressure between 110 and 160 mm Hg A nse m 
systohe pressure is to be expected m old people with a loss of elastic recoil in 
the aorta and great vessels Nevertheless, in many of these patients the hyper- 
tension was probably significant, since the left ventnde was enlarged in 44 peT 
cent and there was left ventricular preponderance m the electrocardiogram in 
25 per cent Thus m the older age-groups it is probable that hypertension with 
high systohe and normal diastolic pressure can cause signs of cardiovascular 
hypertrophy The retinal artenoles may be helpful here , they were character- 
istic of hypertension m 80 per cent of patients with an enlarged left ventnde, 
but in 21 per cent with a normal left ventnde 
Control senes There were 14 healthy subjects aged over 65 years with a 
normal blood-pressure who were ex amin ed specially for retinal vasoular changes 
Many had hardening of the brachial artery Not one of the 14 cases showed the 
alterations m the retinal artenoles here described as being typical of hyper- 
tension, but there was a slightly greater incidence of the signs, such as pallor of 
the artenoles and increase m the hght reflex, which oocurred naturally in some 
healthy subjects Tortuosity of the retinal artenoles, considered by some to be 
a sign of hypertension, was observed as frequently in old people with normal 
blood-pressure as in those with high blood-pressure In addition to the group 
of dderly subjects, an examination was made of 89 healthy younger persons. 
Hypertensive retinal artenoles were never seen These patients were inter- 
spersed with the hypertensive subjects, and ophthalmoscopy was mvanahly 
performed while in ignorance of the blood-pressure From consideration of the 
blood-pressure groups it was found, firstly, tbat alterations in the retinal 
artenoles were associated with the diastolic pressure more often than the 
systohe, and a diastolic pressure of from 95 to 105 was more likely to be accom- 
panied by changes in these vessels than a systohe of 180 or more with a normal 
diastolic pressure Secondly, in old age, when artenosclerosis is likely to be 
present, there were none of the changes m the retinal artenoles which are here 
considered to be diagnostic of hypertension There was a slight increase over 
the incidence of changes found in the younger controls, but all were within 
normal limits Thirdly, the braohial artery was hard m 92 per cent of 45 
pataents with a diastolic pressure of 110 or over, but also in a quarter of the 
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results of the present investigation are in agreement with Enedenwald on this 
point Arteno-venou s crossing abnormalities occurred in 37 per cent of cases 
■with hypertension, but also in from 2 to 5 per cent of the control senes Obvious 
changes at the arteno-venous crossings were seen only in hypertension Irregu- 
larity of the lumen of the retinal arterioles was found to be the best sign of 
hypertension, and was seen in 76 per cent It was never seen m over 100 
healthy people, providing that astigmatism was excluded by e xaminin g the 
Bame length of vessel at slightly different angles It did not occur m old people 
with normal blood-pressure This sign therefore is of great value, and reliance 
may be placed upon it if a careful examination has been made Each arteriole, 
and particularly the smaller branches, must be searched for it, and the findin g 
of equivocal sigrm such as pallor of the blood column or slight alterations in the 
arteno-venous ratio should indicate tha need for a more careful searoh for 
irregulanty of the lumen There was generalized narrowing m 61 per cent of 
those with hypertension, but not in any controls, including the group of old 
people This confirms the findings of Gowers (1876), Moore (1916), Eneden- 
wald (1931), and Bjork (1946), but is contrary to the views of Wagener (1936), 
who considered that there was an attenuation of artenoles in old age without 
hypertension. Generalized narrowing was determined by the arteno-venous 
ratio, but the greatest care must be taken to see that there is comparable 
branching before suoh a ratio is accepted Unfortunately, there is often no 
comparable branching and no arteno-venous ratio can be determined Great 
care is needed to exclude the presence of a small artenal twig branching off at 
an early stage m the region of the optic disk with no comparable branch from 
the vein The other changes must he found in combination to be diagnostic of 
hypertension Hypertension may therefore be diagnosed with reasonable cer- 
tainty on ophthalmoscopic findings alone on one of the following three criteria 

1 Irregulanty of lumen m at least two artenoles 

2 Generalized artenolar narrowing as shown by alteration in the ratio 
between the width of artenoles and their companion veins, provided that 
comparable branohmg is found Bor the diagnosis of hypertension at 
least one retinal artenole should he half the width of its companion vem 
with less than the normal two to three ratio between most of the others 

3 Pallor of the artenolar blood column, arteno-venous crossing changes, 
and a broad or bright light streak Of these three changes, at least two 
must be seen for the diagnosis of hypertension 

It is dear that the features desonbed indicate hypertension and not merely 
artenosclerosis This is m agreement with Gunn (1898), who did not believe 
that they could be due to old age alone It is suggested that such artenoles 
be called hypertensive retinal artenoles rather than arteriosclerotic or arteno- 
losclerotic, as these terns merely imply purely degenerative changes which 
can occur in otherwise healthy subjects 

Careful studies correlating retina! vascular changes, electrocardiographic 
alterations, and radiological heart size have been earned out by Roesler, 
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liealthy subjoots, a finding in agreement with Wagoner (1923), who stated that 
there was no correlation botweon alterations in the retinal artenoles and peri- 
pheral artenosclorosis It follon s that a patient with a soft brachial artery is 
vory unlikely to ha\ o hj^portonsion of serious degree, bnt the converse is not tine 
Tlit relation of hypertensive retinal arterioles to enlargement of the left ventricle 
{Plate i*S, Figs G, 7, and S) and to left ventricular preponderance tn the 

Table IV 

The dictation of Hypertensive Retinal Artenoles to Enlargement of the Left Ventricle 


Enlargement of 

Number of 

Hypertensive 

Seventy of changes v 

left ventricle 

patients 

retinal artenoles 

relmal artenoles 

Great 

14 

13 (03%) 

Great 

Moderate 

41 

37 (00%) 

Great 

Slight 

No enlargement of 

18 

12 (00%) 

Moderate 

left \ontnclo 

38 

14 (37%) 

Slight 


Table V 


The Relation of Ilypcricnsiic Retinal Artenoles to the 

Vcntncular Preponderance 

Electrocardiogram of Left 

Electrocardiogram of left 

Number of 

Hypertensive 

Seventy of changes tn the 

vcntncular preponderance 

patients 

retinal artenoles 

retinal artenoles 

Great 

21 

20 (05%) 

Great 

Moderate 

9 

8 (80%) 

Great 

Slight 

8 

7 (87%) 

Groat 

Absent 

38 

25 (00%) 

Moderate 

electrocardiogram ( Figs 

1, 2, and <?) 

All tho patients with great enlargement of 


the left vontriclo on fluoroscopy (Plato 28, Fig 8) had great changes in the 
rotinal vessels, while 04 per cent of thoso with slight enlargement (Plate 28, 
Fig 0) had changes which were moderate in degree With a left ventnole of 
normal appearance 38 por cent had hypertensive retinal artenoles 

With great olmngcs in tho electrocardiogram, namely, inversion of the T 
u aves in lends I, II, and CP 7 (Fig 3), 'there were hypertensive retinal artenoles 
in 95 per cent With slight changes in tho electrocardiogram, namely, S-T de- 
pression and low T waves in lend I or CB 7 (Fig 1), there were hypertensive 
retinal artenoles m 87 per cent With a normal electrocardiogram there were 
hypertensive retinal artenoles in 00 per cent 

Discussion 

There have been many accounts of the retinal vessels in hypertension since 
Gunn’s classical paper in 1898 The growth of knowledge of these changes has 
been well reviewed by Wagoner (1930, 1937) and Fnedenwald (1931) Never- 
theless tho entena for the diagnosis of so-called retinal artenosclerosis have 
vaned It is customary to place great reliance on arteno-venous crossing 
phenomena (Moore, 1916) Fnedenwald (1931) and Fnedenwald and Fneden- 
wald (1929) thought that these were not diagnostic signs of hypertension unless 
the changes were extreme, slight changes occurred in normal people The 
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I wish to th ank the Physicians to the National Heart Hospital who have 
given me facilities for examining patients under their care, and also Dr William 
Evans, Sir John Parkinson, and Mr Poster Moore for muoh helpful advice 
I am grateful to Dr T V L Cntchlow for radiological facilities at Aylesbury, 
and to the Aylesbury Town Council for permission to see patients in the 
Infirmary 
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Gibson, and Hussey (1040) In tlioir investigations, ns m many other recent 
papers on the subject, Keith, Wagoner, and Barker’s (1939) four groups were 
used to indicate the severity of the retinal changes Tins system has been 
avoided here in order to moke on analysis oftho changes which are character- 
istic of hypertension , m addition an attempt has been made to cany the 
correlation farther by studying tho seventy of the changes and by relating 
tho changes in tho retinal arterioles to both the diastolic and systolic blood- 
pressuro. In 45 pationts with a high diastolic pressure, hypertensive retinal 
nrtenoles were found m 80 per cent , enlargement of the loft ventncle in 
89 per cont , and loft vontncular preponderance in 69 per cent In 34 patients 
with a high systolic pressure and normal diastolic pressure, hypertensive retinal 
nrtenoles were found in 50 per cent , enlargement of the loft ventncle in 44 per 
cent , and left vontncular preponderance in 25 per cent Oftho 111 patients in 
tho series with hypertension, systolic or diastoho, 70 por cont had changes in 
tho retinal nrtenoles which were nover found in health or old ago, 66 per cent 
hnd enlargement of tho left icntnclo, and 50 per cent loft ventricular pre- 
ponderance in tho electrocardiogram Roeslor, Gibson, and Hussey (1940), with 
a similar definition of hypertension, found changes in tho retinal ortenoles in 
all of tlioir 80 patients, enlargement of the left ventncle in 78 per cent , and left 
i ontncular preponderance in 09 per cent 


Summary and Conclusions 

1. Tho condition of tho retinal arterioles has been studied in 214 patients, of 
whom 111 hnd hypertension of varying dogreo and 103 were normal controls, 
tho last including 14 porsons over 05 years of age 

2 Tho changes m tho retinal arterioles most characteristic of hypertension 
were irregularity of the lumen and generalized narrowing The lesser changes, 
including pallor of tho arteriolar blood column, arterio-venous crossing changes, 
and a broadened or exaggerated light reflex, were seen m health, but when 
combined thoy indicated hypertension It is suggested that such retinal 
nrtenoles should bo called hypertensive retinal arterioles and not artenosderotio 
or artcnolosolorotio, for this implies purely degenerative changes which can 
occur in health In about 10 per cent of patients with a diastolic pressure of 
110 mm Hg or over, tho retinal vessels were within normal limits 

3 Changes in tho retinal arterioles were found more often in patients with a 
high diastoho blood-pressure than in those with a high systolic and normal 
diastoho pressure 

4 Changes in the retinal nrtenoles were found more often in hypertensive 
patients with radiological enlargement of the left ventncle and left ventricular 
preponderance in the electrocardiogram than m patients without these signs of 
cardiovascular hypertrophy 

6 In pationts with cardino enlargement of unknown aetiology and a normal 
or equivocal blood-pressure, examination of the retinal vessels should help to 
deoide whether hypertension is the cause or not 



the retinal vessels in hypertension 


215 


‘ I wish to thank the Physicians to the National Heart Hospital who have 
given me facilities for examining patients nnder their care, and also Dr William 
Evans, Sir John Parkinson, and Mr Poster Moore for much helpful advice 
I am grateful to Dr T V. L Cntohlow for radiological facilities at Aylesbury, 
and to the Aylesbury Town Counoil for permission to see patients m the 
Infirmary 


REFERENCES 

Bjork, 8 (1946) Acta med Scand 124, 176, Suppl 
Coats, G (1906) Ophthalmoscope, 4, 605 

(1913) Trans Ophthal Soc UJK 33, 30 and 48 

Cohen, M (1943) Arch Ophthal 29, 85 ’ 
do Schweuutz, G E (1906) Ophthal Rtc 15, 383 
Fineberg, M H (1927) Amer J Med Sc 173, 836 
Fnedenwald, H. (1931) Trans Ophthal Soc TJ JK 50, 452. 

and Fnedenwald, J S (1929) BuU Johns Hopkins Hasp 45, 232 

Gowere, W R (1876) Bnt Med J 2, 743 

(1890) A Manual and Atlas of Medical Ophthalmoscopy, edited with the assistance of 

Marcus Gunn, 3rd ed , London 
Gunn, Marcus (1898) Trans Ophthal Soc TJ.K 18, 356 
Haselhorst, G , and Myhus, K. (1928) Zlb f Qynak 52, 1180 

Keith, N M , Wagoner, H P , and Barker, N W (1939) Amer J Med Sc 197, 332. 
Manlove, F R (1946) Arch intern, Med 78, 419 
Moore, R (1916-17) Quart J Med 10, 29 

O’Hare, J P , and Walker, W G (1924) Arch intern Med 33, 343 

, Calhoun, A. W , and Altnow, H O (1928) J Amer Med Ass 90, 1436 

Parkinson, J (1936) Lancet, 1, 1337 and 1391 
Pines, N (1929) Bnt J Ophthal 13, 97, 161, 225 
Raehbnann, E (1902) Z Augenheilk 7, 425 

Roesler, H , Gibson, G G , and Hussey, R (1940) Arm intern Med 13, 1814 
Sohwedel, B (1948) Clinical Roentgenology of the Heart, New York. 

Wegener, H P (1923) Med Olxn N Am 7, 276 
(1930) Arch Ophthal 3, 335 

(1935) in The Kidney m Health and Disease, by Berglund, H , and Medes, G , Philad 

(1937) Penn Med J 40, 705 

White, P D (1944) Heart Disease, 3rd ed.. New York 





c 

o 

s 

cj 

a 

2 

o 

o 

5 


o 

J 

43 

5 


ill 

:|o 

) s j= 

I ®Uh 

5 ° 

) u~ X 
) O 43 

' b'S 

; g & 
" § © 
> £ 


>> ? 


5 -C 

SH - 
£) 

' O 

!n^. 

o" 

: ^ 2 1 
j £ c 

> f: 


So o 
2 « 
§ 2 
o - 

u 5 

o -£ 
C o 


■ 8 ) | S 


ocift 

■s 8 S 8 


•s a a 2 
og<jo 

0 S rt s 
■° 3=3 M 

s°*° 

c > g -S 

1 s-s a 

O fe a 

J§3JiS 

^•s« 

t- 60 “ ■£ 

■I’m 

e. 

o + 

Oh-1 




il of Mediant 


Vol XVIII, New Senes, PI 28 




217 


616 721-002 77 


ANKYLOSING SPONDYLITIS 1 

By E DUDLEY HART, K C ROBINSON, P M ALLCHIN, 
iSDNP MACLAGAN 

(Prom the Westminster Hospital, London) 

With Plates 29 to 32 
Introduction 

Ankylosing spondylitis, as it principally affects the male sex in the second, 
third, and fourth decades, tends to come to the fore m times of war, as it is that 
sex and age-group which make up the mass of the armed forces Since 1939 
numerous cases have come to our notice The present paper brings out some 
of the points of interest which we have noted during the study of 43 cases seen 
and treated one to six years previously, and the Btudy of 30 additional cases 
recently investigated at this hospital 

We have retamed the use of the descriptive title ankylosing spondylitis for 
a variety of reasons Although the condition appears to be essentially an 
infective spondylitis, the natural history m the majority of cases is different 
from that of rheumatoid arthritis, and the title rheumatoid spondylitis therefore 
may tend to mislead The aetiology of both conditions remains unknown , there 
is little to be gamed by classifying them under the same heading when clinically, 
radiologically, and therapeutically the two conditions remain distinct Sex and \ 
age-moidence, affected joint distribution, mode of spread, secondary calcifica- 
tion, and response to treatment are all entirely different 

Symptomatology 

The commonest complaints m the history of our patients were as follows 
Backache In most the first complaint was of lumbo-saoral backache Many 
patients complained primarily of pain m the buttock or buttocks Mid-lumbar 
aches were the first complaint m some cases, while m others the pam was in 
the mid-thoracic and oervical regions At the onset such aches and pains were 
usually trivial and often ignored by the patient’s medical officer, or resulted in 
the patient being treated as a case of ‘fibrositis’, ‘rheumatism’, or occasionally 
‘ psychoneurosis ’ The disappearance of symptoms, which occurred at tunes after 
treatment for these conditions, seemed sometimes to confirm such diagnoses 
Some months later the pam would return accompanied by stiffness Relapse 
and remission continued remorselessly thereafter, and stiffness gradually pro- 
gressed to complete fixity of the whole or part of the spme A frequent feature 
of the pam and stiffness was the aggravation caused by immobility. Waking 
m the morning stiff and m pam, the patient gradually became more supple 

1 Received November 17, 1948 
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daring the day, feoling at his best from the afternoon until bedtime One 
pationt noted that by frequent exorcise his condition was kept in check, but 
confinement to bed for any cause rnado him worse Another woke himself up 
two-hourly through the night to oxerciso Ins spine as otherwise he suffered 
unduly m tho morning Ho had over a ponod of years reduced his sleeping 
hours to six or less, and ho nover allowed periods of sleep to exceed two hours 
A fow pationts wore exceptional in that rest appeared to ease the pain A diffuse 
aoho, present as part of tho febrile process m an acute exacerbation, also was 
eased by rest, but oven m those cases most of the pationts preferred to remain 
mobdo. On tho otbor hand, heavy exertion or strain acted not infrequently as 
an aggravating faotor It is of interest that in our cases the tune between the 
onset of symptoms and tho correct diagnosis varied from three months to 30 
years, but was usually two to four years 
Respiratory symptoms As noted below, some chest symptoms were found in 
25 of 40 cases Tho symptom was largely masked by tho more striking spinal 
pains which dominated tho clinical picture and rendered exertion difficult and 
oxortional dyspnoea impossible m most cases Nevertheless, stiffness and tight- 
ness m tho chest woro not infrequently major symptoms The following case is 
ono of tho only two, in a senes of 30 recently observed in detail, where the 
sacro-ihac jomts woro radiologically normal If these joints were normal we did 
not mako tho diagnosis of ankylosing spondylitis unless other evidence wss 
strong In tho caso noted bolow tho diagnosis was made independently by two 
of us (F M A , F. D H ) and Mr E P Brooknmn 
Case 1, a man aged 37 years 

Ho had been previously well Fivo months before coming to hospital he had 
noted aches, pains, and stiffness in the lower thoracic spme and across the 
shoulders Some two months later lumbar pains and stiffness appeared, together 
w ith a constricted feeling in the chest Ho was admitted to Westminster Hos- 
pital in great pain, unable to bend his back at nil or be comfortably in bed, and 
unablo to take a deop breath because of the painful constricted feeling m the 
chest. X-rays showed no signs of spondylitis in the sacro-ihac jomts or spme 
The blood sedimentation rate was 50 mm in 1 hour (Westergren) The tempera- 
ture nnd pulso wore slightly elevated for tho first four days (temperature 99 to 
99 5° P and pulso 80 to 100) Tho chest expansion was only half an inch at the 
nipplo and upper axillary lovels The vital capaoity was 58 per cent of norma 
After a course of deep X-ray therapy his chest expansion rose to two inches 
nnd vital capacity to 80 per cent of normal Since then he has improved and 
ho is now living a normal hfe and able to play tennis His present vital capacity 
is 114 per cent of normal 

Fever. Diffuse nohes and pams, sweating, fever, and a raised pulse-rate were 
present m some cases Where these symptoms predominated the patient was 
sent to hospital os a case of pyrexia of obscure ongin, usually for a skiagram 
of tho chest to be taken to exclude pulmonary tuberculosis This type of patient 
frequently remains undiagnosed for weeks or months, although symptoms and 
signs are usually striking enough to warrant the correct diagnosis being made 

at the first attendance. 

Sciatic pam This is referred to later. 
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Menial changes In recent years much, has been made of the mental side of 
rheumatic disease, and the ohrorno anxious expression and other signs of an 
anxiety state have been described as essential components of rheumatoid 
arthritis In our patients with ankylosing spondylitis it has seemed to us that 
in no way did they differ from the average young man of their age-group What 
anxiety there was seemed a normal reaction to chrome undiagnosed pain 
unrelieved by treatment, physical or psychiatric, for months or years, usually 
the latter A remarkable improvement occurred when the correct diagnosis 
was made and the condition explained to the patient Many had been seen by 
Service psychiatrists before the correct diagnosis was reached and in some cases 
therapy had been given, even convulsion therapy Many had been given physio- 
therapy for ‘fibrositis’, and many had been suspected of malingering It is 
httle wonder that m some cases an anxiety element had appeared, but in no 
case was psychiatric therapy needed once the correot diagnosis was made and 
treatment started. 

Discomfort and tenderness tn the tsch%al tuberosities is commonly a major 
complaint In suoh cases X-rays may show changes in bones, such as rarefaction 
and periosteal reaction (Plate 31, Pigs 6 and 7) The patient experiences 
considerable discomfort on sitting, and shifts on to the less painful buttook to 
find a comfortable position In several patients tenderness over the crest of the 
ilium was also found 


Physical Signs 

Impaired flexion of the spine Commonly early in the disease the lumbar spine 
was completely fixed by muscle spasm, and was moved m one piece so that with 
the body erect or flexed it showed no alteration m curvature (Plate 29, Pigs 3 
and 4) If the cervical spine was affected a characteristic stance and gait were 
seen, the patient walking stiffly and moving the body as a whole on looking to 
the right or left. This ‘ martial bearing 1 with shoulders held well back and the 
spine stiff and straight once seen is never forgotten 

Diminished thoracic expansion with reduced vital capacity In all but four 
cases this feature was present on the first examination, it is a very common 
and early sign m most cases Nevertheless, three patients (with histones of 
three months, three years, and four years) showed no reduction m chest 
measurement or vital capacity 

The hips were affeoted slightly m five cases and severely affected in five cases 
of the 30 studied This, however, can hardly be called an early sign, as the 
disease had usually been present for months or years before these joints were 
affeoted A patient was usually incapacitated by fixed hips to a greater extent 
than by a completely fixed spine, even though marked kyphosis were also 
present 

Tenderness and slight swelling over the manubnostemal angle was present in 
three cases, though not as the initial complaint Parasternal tenderness also 
ooourred, discomfort being elicited by palpation over the costal cartilages and 
intercostal spaces anteriorly close to the sternum 
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Pains in the shoulders wore frequent, but gross shoulder-joint changes were 
presont only in tiro of 25 cases, and to leading questions only eight of 43 gave 
positive answers (seo below) 

It is -well to note tho absonce of physical signs which might be expected to 
bo found m tins disease Woll-looakzcd and constant tenderness over an affeoted 
structure such as tho sacro-ihac joints is not a feature In other diseases of the 
sacro-ilmo joint, such as tuberculosis, tho part is held extremely carefully, the 
pationt walking with a hand supporting the affeoted area, and he carefully 
avoids pressure on that buttook when sitting These points are not seen in 
ankylosing spondylitis Compression of the pelvis posteriorly and anteriorly 
docs not causo pain in tho affected joints in ankylosing spondylitis as it does 
in other conditions Subcutaneous nodules are not found m this condition as 
they sometimes are m rhoumatoid arthritis Tho absence of such signs supports 
Borak’s (1040) contention that tho condition in the sacro-ihac joints is not a 
truo arthritis early in tho disease, but a para-articular osteosolerosis 

Lnter in tho discaso m some cases thoro is a tendenoy to develop an upper 
thoracic kyphosis, tho bent head giving tho ‘hang-dog’ dejected appearance, 
particularly if comcal discaso has restricted rotatory movements This kyphosis 
comes on variably, sometimes not until tho disease has been present for years 
In ono enso now under treatment, baok pain and stiffness had been present for 
14 years before bending forward of tho head and shoulders was noted by the 
pationt, tho latter sign coinciding with his leaving tho Royal Air Force and 
taking up offico work Man} 1 - patients do not develop kyphosis 


Follow-up of pahenis treated with deep X-ray therapy 
A questionnaire was sent to 50 male patients who had received X-ray therapy 
in Westminster Hospital since tho outbreak of war m 1939, 43 forms were 
returned completed Tho duration of the disease varied from nine months to 
1 0 years Tho number of treatments varied from one to six, the last treatment 
in most cases having been given ono to three years previously Symptoms 
complained of were diffuse pains and stiffness m different parte of the spine, 
painful and aching nbs especially after exertion, tightness m the chest, inability 
to regain weight, increased forward ourvature of the spme, sciatica, and general 
weakness The commonest symptoms were stiffness and aching in the lumbo- 
sacral region and tightness in tho chest , less common were aching and stiffness 
in tho neck and across the shoulders The following answers were returned to 
these specific questions 

1 Answer 


Question * ES 

1 Did tho X ray treatment rebel o your book pain T 40 

2 Did tho X ray treatment relieve your stiffness m g 

tho bock 1 dd 

3 Did X-ray treatment relieve any stiffness in the 10 

chest? 16 
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Question 

4 Have you at any time had sciatica. ? (Pain radiat- 
ing down into the leg from the buttock ) If so, 
which side t 

6 Was shortness of breath on exertion or tightness 
m the chest present at any time m your case since 
the onset of the spinal condition 1 

6 Have you had any pains and stiffness in the hips ? 

7 Have you had any pams and stiffness in the arms 

and shoulders 1 • 

8 Have you had any rheumatism in the hands 

wrists 
elbows 
ankles 
knees 
jaws 

To the question ‘is your condition better, unchanged, or worse now than before 
X-ray treatment started ? ’ the answers were better 32, worse 5, unchanged 3 
When ashed what effect X-ray treatment had on the hips when affected, the 
answers were improved 17, no effect 2 To the question ‘has any form of 
treatment other than X-ray therapy helped 1 ’ the answer ‘no’ was returned m 
24 cases , in 11 cases benefit had been obtained from some other form of treat- 
ment, but any one form of treatment was not mentioned more than twice 
Such treatments moluded heat, exercises with and without heat, supports, 
plaster jackets, and massage There did not appear to be any therapeutic 
weapon other than deep X-ray therapy which impressed the patients To the 
question ‘did you get most ease during or after treatment?’ the answer was 
‘after’ m all cases, though five stated that improvement began during treat- 
ment and continued afterwards To the question ‘if most ease was noted after 
treatment had ceased, how long after ? ’ the answers ranged from one to 24 
weeks, four weeks being the commonest tame interval 

It may be said that such follow-up reports are of limited value, because 
leading questions have to he put and for a variety of reasons the patient may 
give what answer appears to be expected of him, but certain points do emerge 
clearly The first is that 43 replies to 60 forms sent out is a high return, par- 
ticularly as many addresses were Royal Air Force Stations which have long 
since ceased to exist The majority of forms were returned withm a month and 
the patients were only too glad to co-operate and give all the help that they 
could Some replies came from as far afield as Siam The general air was one 
of optimism The reports m the majority of cases were cheerful and the patients 
in almost all cases were at work Two had developed pulmonary tuberculosis 
and were in sanatoria Many were able to play games normally. The second 
pomt ib that to the specific question relating to rheumatic symptoms and signs 
in the hands, wnsts, and elbows, only three complained of anything at all , two 
had symptoms of pain m the hands and wnsts, and one m the elbows From 
tho descriptions it is unlikely that these were due to rheumatoid arthritis 

IQJ.1L New Stria No 71] q 


Answer 


Yes 


Ho 


31 


Right 11 
Left 11 

Right and left together 2 
Right and left alternating 7 J 


12 


26 

24 


16 

0 


8 

21 

2 

1 

0 

3 

1 


6 eases 


38 
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Woro ankylosing spondylitis a part of rheumatoid arthritis one would have 
expected a much higher figure The third point is the satisfactoiy response to 
X-ray thorapy. Tho failure to relievo pam m only three of 43 cases and a 
continued improvement in 32 is better than had beon anticipated 
Tho frequency of so-called sciatic pains m ankylosing spondylitis is well 
brought out m tho litemturo The ansu ors m this respoot merely underline the 
frequency of this symptom Tho losson to be learnt is that one should suspect 
nnk) losing spondylitis in a j'oung man with sciatica if the condition is relatively 
mild, if it is unaccompanied by signs m tho central nervous system, and par- 
ticularly if it is bilateral or alternating In such cases of r soiatica’ tho sacro 
llino joints should bo X-rayod ns tho first investigation 


Investigations 

In tho past 10 months wo havo hnd under investigation and treatment 30 
patients with nnkj losing spondylitis All but one were malo and almost all 
aero Service or o\-Somco raon Tho ages varied from 10 to 53 years The 
dural ion of symptoms w as from three months to 31 years, the average, excluding 
one exceptionally long 31-year history, a as 3 4 years Tho age at onset vaned 
from 10 to 47, averaging 24 years, and in the largo majority the onset was in 
tho 20’s 

Chest expansion and vital capacity Diminution in vital capacity was found 
in IS of 21 patients, tho avorago figure being 79 per cent of normal Fifteen 
patients hnd readings taken before nnd after a course of deep X-ray therapy, 
tho second reading being tahon four to 10 days after tho last treatment The 
nv erago figure before treatmentwns 71 per cent and after treatment 86 per cent , 
an increase of 15 por cent Tho increase in chest expansion was also reflected m 
readings of expansion of tho chest at tho nipple level , the average expansion 
before treatment v\ as 1 1 in , after treatment 1 fi in , an increase of 0 5 in As 
might bo oxpocted, tho most striking increases occurred as a rule m the patients 
v ith shorter histones, but this was not invariably so It was interesting to find 
that tho vital capacity wn9 often markedly reduced without any complaint of 
dyspnoea on exertion, but ns the spinal lesion commonly bruited exeroise this 
is hardly surprising 

It has boon reported (Swaim and Kuhns, 1932) that degenerative changes in 
the diaphragm lead to poor respiratory excursions by this muscle This was not 
found in our cases, indeed often with marked fixation of nbs the diaphragmatic 
excursions a cro of a high normal order. In some cases the patient seemed to he 
ontiroly dopondent on the activity of this muscle for any respiratory movement 
at all In early cases the reduction in vital capacity appeared to be due to pam 
and stiffness In advanced stationary cases reduction in vital oapacity seemed 
to bo duo to permanent fixation of the nbs Although after X-ray therapy the 
most marked increase in vital capacity readings ooourred m patients with 
minimal radiological bony ohange, some of the more chrome patients with 
extensive bony ohange also experienced improvement in this respect 
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Blood $ed%mentahon rate In common with other writers we have found this 
investigation of little use m controlling therapy Some patients showed normal 
rates, others high figures throughout the penod of observation, and others 
fluctuations from normal to high values The great majority of estimations 
taken were raised In some patients who started treatment with normal figures 

Table I 

Serum-proteins and Serum Colloidal Gold Test 

Serum-proteins [gm per 100 c c ) Serum 

s v colloidal 


Case 

Diagnosis 

Albumin 

Globulin 

Total 

gold reaction 


Normal range 

4 0 to 6 6 

1 6 to 3 0 

6 to 8 

0 

1 

Ankylosing spondylitis 

3 40 

4 90 

8 30 

0 

2 


yy 

3 80 

3 60 

7 30 

0 

3 

» 

» 

4 79 

3 17 

7 96 

0 

4 

yy 

» 

4 68 

2 72 

7 30 

0 

6 

yy 

ft 

3 90 

2 60 

6 40 

0 

6 

yy 

yy 

4 06 

2 84 

7 49 

0 

7 

»» 

yy 

4 63 

2 01 

6 64 

0 

8 


yt 

4 72 

1 69 

6 41 

+ 

0 

»» 


4 63 

176 

6 28 

+ 

10 

» 

» 

6 40 

1 07 

0 63 

0 

11 

yy 

yy 

4 33 

1 97 

6 30 

0 

12 

1 1 

tt 

4 04 

2 13 

0 77 

0 

13 

»» 

y * 

6 23 

2 61 

7 74 

++ 

14 

Rheumatoid arthritis 

4 20 

3 30 

7 60 

++++ 

16 

ft 

it 

2 70 

3 00 

6 70 

++++ 

10 

ft 

yy 

3 30 

2 30 

6 60 

+ 

17 

ft 

yt 

3 80 

2 70 

6 60 

+ 

18 

ft 

ft 

4 64 

2 13 

6 77 

0 

19 

ft 

yy 

4 20 

2 20 

0 40 

0 

20 

ft 

ft 

4 12 

2 68 

6 80 

+++ 


the rate rose , m others who started with high figures, it fell As a measure of 
ohmcal improvement and response to treatment the sedimentation rate was 
useless On the other hand, as one of the cardinal diagnostic signs of the disease 
it is a most useful investigation, though an isolated normal rate does hot 
negative the diagnosis Six of the 30 cases had a normal sedimentation rate 
when first seen, though none followed for any length of time maintained a 
normal figure 

Haematology A moderate reduction in haemoglobin was the rule m patients 
who had had prolonged fever and systemic upset Figures varied from 60 to 
110 per cent (Haldane) In most cases the haemoglobin was either normal or 
showed a slight reduction (to 80 or 90 per cent ) Where anaemia was present 
it was of the normochromic or hypochromic type, usually the former White 
blood-cells were normal m total and differential counts m all cases Eosinophilia 
noted by Beni (1947) was not seen 

Urine examination revealed no abnormality 

The Wassermann reaction, Kahn test, and gonococcal complement fixation tests 
were done as a routine In only one case was the Wassermann and Kahn test 
positive, m a youth who had syphilis m addition to spondylitis The gonococcal 
complement fixation tests were all negative 
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Cardiological investigations. Screening and X-rays did not reveal cardiac 
abnormalities in onr cases and the few electrocardiograms taken were normal 
Neurological investigations Wo did not attempt routine lumbar puncture and 
performed this investigation only where the diagnosis was in doubt Boland 
Hcndioy, and Honch (1940), m a study of tho cerebrospinal fluid of 50 cases 
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SERUM COLLOIDAL GOLD REACTION 

Fro I 


of ankylosing spondylitis, found cell counts, initial manometno pressures, and 
concentrations of sugar normal m all specimens, but an increase of total protein 
m 21 cases, tho figures ranging from 47 to 98 per 100 o o The increase in 
protom seomed related to the seventy of the disease, and in 17 of the 50 cases 
peripheral joint changes were present The nse in protein in the cerebrospinal 
fluid boro no consistent relationship to the duration of the disease or to the 
degree of spinal involvement, and was not greater in cases with sciatica than 
in cases without this feature 

Biochemical investigations The serum-proteins were estimated m 13 typical 
cases of spondylitis with the results shown m Table I Seven oases of rheu- 
matoid arthritis are shown for comparison It will be seen from Table I that 
in rheumatoid arthritis four eases show either some reduction in albumin or 
some increase m globulin or both, although the results are often within normal 
limits S imil ar changes were seen m four of the 13 oases of spondylitis The 
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combination of high serum-globulm with a negative colloidal gold test was seen 
only in the spondylitis group, and suggests that the protein changes axe not 

identical with those in rheumatoid arthritis 
A farther study of the serum oolloida! gold reaction was therefore made 
The test was performed in 25 typical cases of spondylitis by the method of 



SERUM COLLOIDAL GOLD REACTION. 


Fig 2 

Maclagan (1946), with the results shown m Pig 1 Pig 2 shows a parallel senes 
fP of cases of rheumatoid arthritis similarly tested, part of the data being taken 

if' from Carter and Maclagan (1946) In these figures the gold test is plotted against 

1 erythrocyte sedimentation rate as a correlation diagram It is evident that the 

gold test gives entirely different results m the two conditions, being positive in 
.79 per cent of cases of rheumatoid arthritis as opposed to only 24 per cent in 
f ti^ spondylitis The data on sedimentation rates are included m order to show that 

pP the difference in the two groups is not merely one of seventy, since the range 

of sedimentation rates is approximately equal m the two conditions In rheuma- 
litf> toid artbntis there is an obvious correlation between the two tests whioh ib 

(ft entirely absent in ankylosing spondylitis 

\tS Following a report by Davison, Koets, and Kuzell (1947) on the raised 

t 17-ketosteroid excretion m spondylitis the estimation was performed in 10 

typical cases with the results shown in Table II 


IV 
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It will bo scon from Table II that all tho values were within normal limits 
so that wo aro unable to confirm tho reported increase 

Clinical photography With tho co-oporat ion of Dr Peter Hansel], Medical 
Officer m Chargo of tho Medical Photograplnc Department of Westminster 
Hospital, tho range of spinal movements was photographed on squared paper 

Table II 

Urinary Excretion of 17-lcioslcroids in Anhjlosing Spondylitis 

Case 17-lctostcroids (mg per 24 hours) 

1 20 2 

2 18 0 

3 17 1 

4 14*4 

5 12 8 

0 12 0 

^ 12 0 

8 0 0 

n go 

10 4 1 

before and after treatment and at variable times in tho follou -up period 
Although this method has its drawbacks it is tho best that wo have yet evolved 
in assessing improvement or deterioration in tho patient’s condition Double 
exposure on one plate w ith spine erect and floxed has proved a useful method 
to estimate improvement m spinal flexion (Plate 30, Fig 5) 

Complications Two of the cases m our complete senes developed pulmonary 
tuberculosis and a further one is under observation with minor infiltration m 
tho lung fields Other complications, except intis m one case, were not found 
Cough, bronchitis, pneumonia, and other chest comphcations have not been 
noted Bronchial spasm and tho complaint of tightness in tho ohest-wall with 
inability to tako a deop breath are easily distinguished by a careful history 
Biopsy findings Wo have not yet seen nodulo formation in ankylosing 
spondylitis nor was splenic or lymphnode enlargement noted in our cases 
Sit effing and tenderness over tho manubnostemal junction has already been 
mentioned In ono such caso biopsy was performed ,(the overlying periosteum 
was found to bo oedomatous and tlnckoned but histological cellular change was 
not found m sections of ffiono and cartilage In four cases muscle biopsy was 
performed Significant changes acre not found in the tissue removed, which 
consisted of a wedge of skin, subcutaneous tissue, and deltoid muscle Desmarais, 
Gibson, and Korsley (1948) also reported negative muscle biopsy findings in . 
27 cases of ankylosing spondybtis, as compared with positive findings in 34 of 
56 (01 por cent ) cases of rheumatoid arthritis 

Pathological findings As none of our cases have come to autopsy we have 
nothing to add to the descriptions by Guntz (1933), Krebs and Vontz (1934), 
Eltze (1940), and Freund (1042) 

Radiological appearances The X-ray appearances in ankylosing spondybtis 
vary from the minimum of saero-ihao irregularity to the gross changes known 
as ‘ bamboo spine ’ The incidence of sacro-ihao ohange is so great, and it is so 



ANKYLOSING SPONDYLITIS 


227 


early a sign, that it has almost come to be a criterion of diagnosis The early 
changes in the sacro-ibac joints consist of lack of definition, blurring of outline 
m joint spaces, and, later, evidence of actual bony erosion of articular surfaces 
Thus, in spite of great variation of normal sacro-ikac appearances, the early 
signs of this disease are always apparent to the experienced eye In a few cases 
the sole radiographio changes present are confined to the posterior vertebral 
articulations, and consist of loss of joint space with early ankylosis hollowing 
at intervals are the many departures from normal m the radiological appearances 
of the vertebral bodies, which show change of contour with partial or complete 
obliteration of the usual concave outline Together with this is a sharpening of 
the superior and inferior margins of the bodies giving an appearance rather like 
that of a child’s brick Accompanying these bony changes is evidence of 
solerosis in the intervertebral ligaments visible only in the best radiographs, and 
quite invisible m many over-exposed and over-penetrated negatives so often 
seen to-day This increase in density becomes more and more obvious and at 
times shows evidence of calcification and later ossification, eventually leading 
to a complete bridging of the intervertebral spaces, which as a general rule 
remain clearly defined and the disks of normal thickness When this process 
has extended for any length of time the appearances desonbed as ‘bamboo 
spine’ cannot be mistaken It is important to insist on oblique views of the 
saoro-iliac joints and the intervertebral artioular surfaces before pronouncing 
any particular area of the vertebral column normal or abnormal, for the changes 
typical of ankylosing spondybtis occur early in the small intervertebral joints 
and postero-antenor views are useless in assessing changes m many of them 
As the direction of the mter-artioular surfaces changes between thoracic and 
lumbar vertebrae the only satisfactory technique is to take several coned 
oblique views of the intervertebral articulations at different levels down the 
spine If this is done the involvement is usually seen to be at first haphazard, 
more joints bemg affected as time goes on, until, in advanced cases, few or no 
articular spaces can be visualized, the whole spme bemg fused There does not 
seem to be a progressive spread up the vertebral column from the sacro-ibao 
joints, though commonly the lumbar intervertebral joints are early affected 
Uorak (1940), m a stimulating article on the radiological changes m ankylosing 
spondybtis, argues that the sacro-iliac joints are normal at the onset of the 
disease, the apparent involvement of the joints in postero-antenor views bemg 
due to para-arthrodial osteosolerosis of the ilium, the ragged, irregular, ‘rat- 
bitten’ appearances of the joints m this view being due to dial sclerosis alone 
Borak claimed that at this early stage true articular changes are present m the 
intervertebral joints, hut that at this time an oblique 45° view of the sacro-diac 
joint shows this joint to be normal The changes that occur later in the sacro- 
iliac joint are, he stated, due to a degenerative process similar to that seen m 
old age, and are not part of the same pathological process as that affecting the 
smaller spinal joints Whde for many reasons this seems to us to be unlikely, 
there is no doubt that many of the changes in the postero-antenor views of the 
sacro-iliac joints are m fact due to para-arthrodial osteosclerosis of the ilium 
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rather than changes an the joint. Tins para-arthrodial osteosclerosis of the ilium 
occurs nlicn tho surrounding bone may bo considerably rarefied, it fades 
gradually as tho sacro-ihac joint becomes progressively destroyed and gradually 
nnkylosed. Nevertheless, vc have found evidence in our cases of true early 
involvement of tho sacro-ihao joint and consider tho process here to be the same 
ns that occurring higher m tho spine 

Tho costo-vortcbml articulations m advanced cases shorn doable fusion, the 
rib being locked to tho transverse process as well as to the body of the thoracio 
vortobm Tins is perhaps best seen m tho first nb, the normal clear line of 
articulation becoming first irregular and eroded, and later disappearing as 
comploto fusion occurs (Plato 32, Pigs 8 and 9) 

Penalty, periostea] reactions occur, usually blit not invariably late in the 
disease Tho bones of tho pelvis may show tins to a marked degree, the sym- 
physis pubis being in extreme cases fused ‘Squaring’ of the vertebral bodies, 
referred to abovo, is a manifestation of this reaction Change in the ischial 
tuberosities are referred to elsevhero m tho present paper 


Treatment 

In tho absence of established aetiology, treatment must of necessity be 
empirical Apart from attention to tho general health the mam methods have 
been ph ysicnl On u hat might bo called anti-rheumatic hues, the use of vaccines 
and gold have been tned with doubtful effect It is the custom to advise 
postural treatment by orthopaedic measures to prevent deformity, but as the 
disease progresses for so long a time with such variations in remission and 
relapse, it is doubtful to n hat extent such measures really help m the end 
Wjatt (1 91 G), as a result of his experience in the Ministry of Pensions, advocated 
mobilization and ovorciscs, and advised against tbe use of physiotherapy and 
supports Physiotherapeutic measures, wcludmg all forms of heat, m our 
experience have proved disappointing, and in fact the use of heat in the form 
of short-wave diathermy appears to aggravate the condition in a number of 
cases In the periods of quiescence of the disease, gentle massage may be 
employed with advantage 

Tho therapeutic method uhioh has met with most success has bean the 
employment of X-ray therapy Different opinions have led to the use of 
diverso mothods, but all claim successes Whatever method is employed it 
should bo emphasized that its direction should be in the bands only of experts 
Tho use of X-radiation m the treatment of chronic, inflammatory, and infective 
conditions is u ell established and has been m use for 30 years Its use m acute 
inflammation has also found favour, although of course the field here is much 
more limited The action of X-rays when used in this way must be sharply 
contrasted with that used in the treatment of neoplastio processes In the latter 
a lothal effect on neoplastic cells is the primary object, and for this purpose 
intensive dosage is required, whereas m the former temporaiy effects, such as 
depression of cell activity, increased blood and lymph flow, diapedesis, and 
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proliferation of fibroblasts are desirable For this reason and because the 
condition concerned is not neoplastic, X-radiation should be given inter- 
mittently and m small doses On no account must the dosage be suoh that 
permanent tissue changes are produced It is assumed that all the effects 
produced are local and take place only m the area submitted to irradiation 
Little evidence exists to support the employment of so-called ‘wide field’ 
therapy (Scott, 1939) m -which large areas of the body are subjected to ‘homoeo- 
pathic’ doses of X-rays Claims of considerable success have, however, been 
made for this method In general, X-ray therapy should in our opinion be 
oonfined to the affected areas and the appropriate dosage should be given to 
such areas Some workers make it their practice m all oases to irradiate the 
whole spine regardless of symptoms (Windeyer, 1948, McWhirter, 1945) In 
our experience each case is best treated according to its signs and symptoms 
Where pain and limitation of movement are confined to one region of the spine 
this region is the site chosen for treatment , where signs and symptoms point 
to the whole spinal column being mvolved, treatment is directed to the whole 
column, including the sacro-ihao regions In some cases where the hip -joints 
are mvolved these areas are also treated The method we have adopted is very 
similar to that advocated by McWhirter, though dosage was small and inter- 
mittent Thus, treatment was given only on alternate days, and the total skin 
dosage administered to any one area did not exceed 1,600 roentgens The 
routine procedure adopted was to use X-rays of kilovoltage 180 to 200, filtration 
1 5 mm of copper, half value layer 1 7 mm of copper, and skin dosage dady 
to each field treated was not greater than 150 roentgens Treatment was given 
to not more than two fields daily, and the total treatment time was spread over 
three weeks In acute cases the daily dosage was even less than that mentioned 
above and the administration of analgesics was sometimes necessary It is 
possible to repeat courses of the above treatment m three months and this was 
often desirable where relief was only partial Such repeated courses were 
limited by tolerance of the skm and underlying tissue It must be understood 
that in this condition the dosage dehvered should not m any circumstanoes 
reach the level of tolerance of the skm, and this implies that the underlying 
tissues do not at any tune receive a dosage whioh will involve permanent tissue 
changes 

In a very chrome and variably progressive disease an advantage of repeated 
X-ray therapy is that the patient is kept under observation Except in the 
extremely advanced cases and those where the hips are affected, treatment may 
often conveniently he given to out-patients who can continue at light work 
While undergoing deep X-ray treatment the patient should in our opinion live 
an easy life, maintaining full spinal mobility yet avoiding heavy exercise and 
strain to the bock Periods of inactivity lead to aggravation of symptoms and 
increase fixity of the spine, and we do not therefore advise the strict rest which 
was considered the correct therapy in the past nor do we advocate prolonged 
immobilization m a plaster jacket or bed We encourage the patient after 
courses of treatment to maintain full range of movements and to live an active, 
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healthy life, including cycling, swimming, walking, and later working, if his 
occupation does not involvo repeated back strain or, winch is worse, assumption 
of n cramped, bont position for long periods Rehabilitation early in treatment 
-with exorcises undor nn optimistic therapist is essential, care being taken not 
to overdo the 'regimental' sido of things and so lessen tho onthusmsm of the 
patient Breathing exercises are also important, but like all other exercises, 
should gno place to full natural function ns soon as possible Normal respira- 
tion is bolter than artificial over-breathing for short given periods, the over- 
brcntlnng caused in simplo exorcises such ns walking, swimming, or playing 
games is tho best way of maintaining as full thoracic movements as possible 

Surgery Generally speaking the surgeon can offer httlo help in this disease 
Osteotomy (Simth-Petersen, Larson, and Aufranc, 1945, La Chapolie, 1946) of 
hip or spine has been performed and various types of reconstructive procedure 
for tho hips also, such ns Whitman's reconstruction, Colonna’s operation, 
Girdlcstono’s hip incision, Jones’s subtroohnnteno pseudo-arthrosis (Capener, 
1948), There is a risk of increased ossification m these cases and end results 
nro often unsatisfactory Surgical measures on tho whole offer little relief 
Manipulation in tho feu cases where it had been tried before patients were 
referred to us had appeared to aggravate tho condition and m one case to 
prccipitato n relapso 

Penicillin In 12 cases wo gave penicillin in doses of 600,000 units intra- 
muscularly daily at thrce-hourly r intervals for 12 to 14 days In no instance 
did we noto nny immediate improvement m signs or symptoms and in most 
cases sedimentation rates rose under treatment and subsequently In no case 
did the sedimentation rate return to normal after penicillin therapy 

Oestrogen 3 Wo have not attempted oestrogen thompy as reports from else- 
where aro discouraging (Freybcrg, 1947) 

Transfusions of fresh blood Transfusions of fresh blood have been of great 
nssistnnco in one or tw o resistant cases Certain cases of ankylosing spondylitis 
do not derive benefit from dcop X-my therapy Although such cases are not 
common they nro a real problem and extremely difficult to treat It is m these 
cases that fresh blood transfusions are of occasional assistance We have not 
yet tried the offcct of blood from pregnant women nor have we tried protein 
shock therapy 

Progress and Prognosis 

Our follow -up of cases is a relatively short one , all were patients first seen 
nftor 1939 and none have been known to us more than six or seven years We 
are not, therefore, m a position to make pronouncements of the end result in 
this disease From tho literature it appears that relapse and intermission 
alternate for up to 10 or even 20 years before the disease ‘bums out’, leaving 
tho patient without active disease but crippled to a variable degree by immo- 
bility of tho back and neck, and sometimes hips and shoulders, in some cases 
with a straight spine, in others with forward curvature, the patient facing a 
pomt on the ground a short space ahead of his own feet These end results we 
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have seen, but what proportion of slight cases ‘bum out’ sooner (the formes 
frusks of Kodderman, 1939) without residual disability, and what proportion 
merge into osteo-arthntis and are classed as such is not forthcoming from any 
article to which we have had access Prom our own senes we know that at 
present the disease is very often not diagnosed until it is relatively far advanced 
mth gross sacro-ihac joint changes We know that complete cnppkng can occur 
within a few years or, rarely, months We know the prolonged remissions that 
deep X-ray therapy can cause, and we know also that duration of symptoms 
and extent of radiological changes do not run parallel X-ray therapy, particu- 
larly apphed early m the disease, has not yet been used long enough to assess 
prognosis m adequately treated early cases Until more is known of the aetio- 
logy, early diagnosis and deep X-ray therapy with repeated courses, together 
with appropriate supervision over many years, appear to offer the best hope 


Discussion 

The aetiology of ankylosing spondylitis remains entirely unknown There 
seems to be little to be gamed, therefore, by grouping the condition under the 
general heading of rheumatoid arthritis until more certain evidence than that 
now available is forthcoming In some respects, however, the diseases are 
s imil ar in that elevated blood sedimentation rate, low-grade pyrexia, and 
constitutional upset occur m both ankylosing spondylitis and rheumatoid 
arthritis In most respects ankylosing spondylitis resembles an infective 
process rather than a simple metabolic or endocrine one, though the high 
mcidence m male patients suggests that the last factor may play some part 
m the disease It is possible that some articular infective disease processes may 
eventually prove to be of virus origin, but as yet evidence m this respect is 
lacking as regards ankylosing spondylitis Parathyroid disease, prostatic 
infection, tuberculosis, fluorosis, and a host of other possible aetiological agents 
have been suggested and found wanting In our senes no factor became 
apparent, and the family histones were likewise unhelpful We agree with 
Steinbrocker (1942) that ankylosing spondylitis is ‘a rheumatoid -like disease 
with its own characteristic features’ , and with Buckley (1938) that ‘ankylosing 
spondylitis is often descnbed as rheumatoid arthntis of the spine, but it has 
many distinctive characteristics and should be regarded as a separate disease’ 
Our biochemical results are of some interest m relation to previous work and 
in their possible bearing on the aetiology of the condition A number of 
observers have reported changes in the serum-proteins in rheumatoid arthritis 
(Rawls, Weiss, and Collins, 1937, Robinson, 1942, Dole and Rothbard, 1947) 
and we have been able to confirm these in the seven cases investigated, four 
of whom showed a slightly raised serum-globulin, lowered serum-albumin, or 
both Four of the 13 cases of spondylitis showed similar changes The results 
with the serum colloidal gold test, however, show a striking difference m the 
two conditions This test, which depends mainly on the serum gamma globulin 
fraction (Maclagan and Bunn, 1947) was in our experience mainly negative m 
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spondylitis (70 per cent ). This finding is to bo contrasted with the positive 
results obtained m rheumatoid arthritis (79 per cent ) winch confirmed those 
previously reported (Carter and Mnclagan, 1040) Correlation with the sedi- 
mentation rate m both conditions did not suggest that this observed difference 
could have been duo to a different grade of seventy in the two groups It 
appears, tliorcforo, that the serum-protein disturbance is different in the two 
diseases, rlionmatoid arthritis having a tendency to gamma serum-globulin 
mcreaso, w hilo spondylitis may sometimes show a nse of globulin which is 
probably not gamma globulin A raised serum-globubn is usually regarded as 
indicative of tho presence of some typo of cliromc infection The results would, 
therefore, support an mfcctivo theory of ankylosing spondylitis There appear 
to bo tw'o possiblo explanations of tho different serological results in spondylitis 
and rheumatoid arthritis Firstly, the samo hypothetical infective agent might 
produce different results according to tho number and/or nature of the joint 3 
involved There appears to bo bttlo to support this hypothesis, which would 
not account for tho age and sox distribution Furthermore, the jomt fluid from 
two cases of rlionmatoid arthritis has beon tested by one of us (N F M ) with 
tho gold test with negative results, so that direct absorption of gamma globulin 
from the joints appears unlikely. Secondly, tho two conditions may be due to 
different netiological agents Tins hj-pothesis appears to be in accordance with 
tho facts at present known, and is tho explanation winch wo regard as most 
probablo 

Ankylosing spondylitis can bo diagnosed with greater ease than most condi- 
tions m medicine The gait, bearing, and tho patient’s restricted movements 
can bo seen from n distance and their significance should bo appreciated It is 
tho more surprising, therefore, that such a long penod of time should so often 
elapse bolwcen tho onset of symptoms and correct diagnosis, for probably oar 
finding of nn nverngo of 2 years and 11 months between tho onset of symptoms 
and correct diagnosis is in no way exceptional A pationt with chrome baokache 
is too frequently diagnosed ns ‘fibrositis’ or 'psychogemo backache and 
referred to the physiotherapeutic department without full investigation Of 
tho four major diagnostic features, stiff back, restnoted thoraoio excursion, 
raised sedimentation rato, and sacro-ihac radiological change, the first two 
should bo noted at once and should lead to the second two investigations being 
performed 

In any chronic relapsing disorder of unknown aetiology logical therapy 
includes a follow-up system, allows tho patient to earn his own living, and yet 
permits medical supervision so that proper treatment may be administered as 
frequently and thoroughly as is needed Few chronic articular diseases affect 
the wago-earnmg capacity so little, the patients are usually a young, normal, 
intelligent group of prime importance to the community Only early diagnosis, 
and enrker and more thorough treatment will show whether this disease may 
with tho available methods be arrested at a non-cnpphng stage 
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Summary 

1 A follow-up of 43 cases of ankylosing spondylitis treated one to six years 
previously and a study of 30 fresh cases are discussed 

2 The aetiology of the condition remains obscure There seems, m our 
opinion, little advantage to be gained by using the title rheumatoid spondylitis, 
as the diagnosis remains a clinical and radiological one, the disease ru nn i n g a 
different course from, and responding to different therapeutic measures from, 
rheumatoid arthritis 

3 Ankylosing spondylitis is a relapsing, remittent disease lasting many years. 
This fact has to be taken into consideration m treatment, which should be also 
spread over a period of years and accompanied by a complete follow-up system 
The use of clinical photography in such a system is discussed 

4 The four cardinal diagnostic features, spinal stiffness, diminished thoracic 
expansion, raised sedimentation rate, and radiological changes in the sacro- 
lliao joints, are emphasized Attention is drawn to the long penod which has 
been found to have elapsed between the onset of symptoms and the correct 
diagnosis being made , the average time being 2 years and 1 1 months in our 
senes 

5 Involvement of the articulations of the thoracic cage, with reduction of 
vital capacity, is shown to have been present m 18 of 21 cases on their first 
examination by us Although not invariably present this appears to be a 
common and early physical sign, characteristic of the disease The average 
increase m vital capacity readings on completion of a course of deep X-ray 
therapy was 15 per cent 

6 In some cases of ankylosing spondylitis the serum-proteins showed ohanges 
similar to those seen m rheumatoid arthritis The urinary excretion of 17- 
ketosteroids m spondylitis was within normal limits The serum colloidal gold 
reaction showed a striking difference between rheumatoid arthritis (mainly 
positive) and spondylitis (mainly negative) Blood sedimentation rate estima- 
tions, useful in diagnosis, were found to be unreliable as a test of progress or 
response to therapy 

7 Reasons are given for the view that of the present forms of treatment 
deep X-ray therapy is the most effective Reasons are also given for favouring 
maintenance of bodily activity, short of spinal strain, at all stages of treatment 
m the large majority of cases 

8 Attention is drawn to the delayed action of deep X-ray therapy, maximal 
improvement occurring several weeks or months after cessation of treatment 

9 Attention is drawn to the deterioration in prognosis as regards leading a 
wage-earning existence when the hips are seriously mvolved This joint is 
considered the most vital as regards prognosis in this respect Involvement 
of the hip causes more crippling than does involvement of any of the other 
joints 

We are indebted to Dra C W Buckley and W S C Copeman and Mr E P. 
Brockman for help m compiling this paper, to Dr Alan Morgan for his reports 
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on the histology of biopsy material, and to Miss B Lunnon and Mis 3 M. BurcheU 
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CARBOHYDRATE METABOLISM AND GASTRIC 
SECRETORY ACTIVITY 1 

By ANDREW MUIR 

(From the Western Infirmary, Glasgow, and Gardiner Institute of Medicine, 

University of Glasgow) 

It has been known for many years that a close relationship exists between the 
metabobsm of carbohydrate and the seoretory activity of the stomach In 1900 
Leconte showed that m dogs the introduction of 25 per cent glucose solution 
mtraduodenally greatly inhibited gastric secretion, and in 1920 this work was 
confirmed in man (Miller, Bergeim, Rehfuss, and Hawk) Since then further 
work has brought to light other interesting associations between the metabolism 
of sugar and the secretory activity of the stomach This work has been done 
almost exclusively in America, France, and Germany, and seems to have 
attracted little attention m Britain The observations fall mto three groups 

1 The effect of msulm on gastnc activity 
Since the original observations of La Barre (1931 a, b, c, d), Kalk and Meyer 
(1932), and Okada, Kuramoohi, Tsukahara, and Ooinaue (1929, 1930), we know 
that msuhn is a powerful stimulant to both gastnc secretion and motility 
Approximately three-quarters of an hour after the intravenous injection of 
12 to 20 units of soluble msuhn m man an augmented secretion of gastric juice 
occurs, and the motility of the stomach is greatly increased This secretion has 
a total volume of 100 to 200 c c , a high free acidity, total acidity, and total 
ohlonde, and m every way resembles the gastnc seoretion induced by vagal 
stimulation (Wehn and Fnsk, 1936) There is now little doubt that the principal 
action of msuhn in this meohamsm is one of vagal stimulation In 1929 Quigley, 
Johnson, and Solomon demonstrated that msuhn had its maximal effeot on the 
pylonc portion of the human stomach Since electrical stimulation of the vagus 
nerves has a similar action, it was suggested that insulin exerted its principal 
gastnc effect through these nerves Quigley and Templeton (1930 a, b) showed 
that the gastric response to the injection of msuhn in dogs was completely 
inhibited by previous division of the vagi in the neck, and was augmented by 
removal of the splanchnic nerves They concluded that the action of insulin on 
the stomach was by way of central stimulation of the dorsal nucleus of the 
vagus, electrical stimulation of which is known to produce strong gastnc activity 
(Laughton, 1929) This was confirmed in 1931 by La Barre and Cesp6d£s A 
dog was prepared with a gastric fistula, and all structures between its head and 

1 Received October 4, 1948 


tQJlf \c<r Strict .\'o 71] 



body except, tho vagus nerves wore removod It was kept alive from a second 
dog by tho cross-circulation method of Hoymans and Hoymans (1925) When 
insulin Mas administered to tho latter dog a copious highly acid secretion 
occurred in tho stomach of tho former From these observations and from the 
fact that atropmo antagonizes tho insulin gastric reaction while pilocarpine and 
histamine augment it, the original suggestion of Quigley, Johnson, and Solomon 
(1929) is now generally accepted There is, however, still not complete agree 
merit v liethcr insulin acts ns a i ngnl stimulant directly, or indirectly ns a result 
of the production of hypoglycacmin Recent work tends to confirm the latter 
hypothesis (Roholni, 1930) In 1930, Moyer Bhowed that insulin is effective in 
enhancing gastric secretion in diabetics with high blood-sugar levels only when 
these hni o been reduced to normal lords by previous therapeutic doses of 
insulin Furthermore, it has been shown that administration of glucose ennui 
tnneously with the insulin prerents its gastric effect, particularly when the 
glucoso is gir cn orally or mtraduodcnally On the other hand, some observers 
liar c claimed that tho insulin gastric reaction is not dependent on tho blood 
sugar lord Lapp and Dibold (1931), for example, showed that insulin could 
augment gastric secretion in some patients without lowering the blood-sugar 
Jercl, and BoldyTeff and Stewart (1932) were unable to confirm the increased 
gastric secretion m hypogly cncmia These differences led to the suggestion by 
Dobrcff (1931) and others that the action of insulin was biphasic, an early 
transient inhibitory pliaso and a later and more powerful stimulant one In 
spito of these differences, the general opinion seems to be that the notion of 
insulin on tho stomach is determined by tho hypoglycaemia In support of this 
is tho significant fact that insulin has no gastno action until the blood-sugar 
falls below normal lovcls Quantitatively 2 * * * * 7 tho enhanced secretion roughly 
parallels tho degreo of hypoglycncmm and the increase becomes apparent only 
with tho onset of hypoglycnomic symptoms 

2 The action oj glucose on gastric acidity 

In tho samo year os Leconte’s original observations, Aldor (1900) reported 

diminished acidity in standard test meals m man on the addition of 60 gm of 

glucose to tho test feeds In 1901 Clcmm found diminished secretion in the 

Pavlov pouch of dogs when 20 per cent glucose was added to the milk on which 

they were fed All further work has shown conclusively that glucose is a power- 
ful inhibitor of gastno secretion and motility Its maximal action is obtained 
when it is given intraduodenally m strong solution It has a much weaker effeot 
when given orally or intravenously In 1932 Matsuyama, working on dogs with 
gastno and duodenal fistulao, showed that the introduction of strong glucose 
solutions into the duodenum mlubited the expected gastno secretion in response 
to milk feeds Ho also showed that it was only the first or vagal phase of gastno 
secretion which was reduced, and concluded that glucose inhibited gastno secre- 
tion by way of tho vagus nerves In 1939 Day and Komarov studied in dogs the 
effects of glucose on the gastno acidity induced by central and peripheral stum a- 
tion of the vagi Central stimulation was accomplished by sham-feeding the 
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animals and it was found that the secretion induced by this procedure was 
powerfully inhibited by glucose. Peripheral stimulation was produced by elec- 
trical stimulation of the nerves m the neck, and the gastric secretion obtained 
was shown to be inhibited to a much lesser extent by the admin i stration of 
glucose It was therefore concluded that the inhibitory action of glucose on 
gastric secretion was produced by central inhibition of the vagi, a view now 
generally accepted They also confirmed the observation that glucose had its 
maximal gastnc action when given orally or intraduodenally m strong solution 
(30 to 40 per cent ), and pointed out that glucose did reduce, but only slightly, 
gastnc secretion induced by penpheral stimulation of the vagi and also by the 
injection of histamine, and therefore did not act exclusively by central vagal 
inhibition They explained this anomaly by referring to the observations of 
Gilman and Cowgill (1931), who had shown that administration of orystalloids 
m sufficient quantity to raise the osmotic tension of the blood reduced the secre- 
tion of gastnc juice, and Day and Komarov suggested that this crystalloid 
property of glucose explained the slight inhibitory action on gastnc secretion 
induced by purely penpheral mechanisms Further support for this view was 
given by the work of Noble and Robertson (1938) who showed that intravenous 
sodium ohlonde solution was just as effective as similar quantities of osmotically 
equivalent glucose solution m reducing the gastnc secretion in cate 
Shay, Gershon-Cohen, and Fels (1939) and Shay, Gershon-Cohen, Fels, and 
Siplet (1942) did much to clear up disputed points on this problem They were 
mainly interested m the reason for the profound inhibition of gastnc secretion 
in man produced by the administration of strong mtraduodenal glucose solu- 
tions, and showed that this effect was not a unique property of glucose Intra- 
duodenal soap solutions, fats, hydroohlonc acid, and other matenals had a 
similar action Experiments with vanous strengths of glucose solution demon- 
strated that they reduced gastnc secretion only when hypertonic and therefore 
lmtant to the duodenal mucosa By using insulin to control the height of the 
blood-sugar levels dunng the experiment they showed that these had little 
relationship to the degree of inhibition of gastnc secretion obtained, and con- 
cluded that strong mtraduodenal glucose solution owed its mam depressant 
action on gastnc secretion to its irntant effect on the duodenal muoosa When 
they repeated their experiments, using intravenous in place of mtraduodenal 
glucose, they found that gastno secretion was slightly inhibited when hyper- 
glycaemio blood-sugar levels were obtained, m spite of using only 10 per oent 
solution given at a relatively slow rate to minimize alteration of the osmotic 
tension of the blood Before the blood reached hyperglycaenno levels, gastnc 
secretion appeared to be slightly stimulated, a fact previously noted by Fned- 
man (1939) From this work it is apparent that sugar has three actions on 
gastno secretion 

(l) When given intraduodenally m hypertonic solution it is a profound 
depressant, in common with other irntant matenals, including hydro- 
chlonc aoid This action is reflex m nature, acting by central inhibition 
of the vagus nerves 
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(n) When given m strong solutions intravonously it acts as an inhibitor as 
tho result of alteration of the osmotic tension of the blood 
( 111 ) When given by any route m sufficient quantity to raise the blood-sugar 
it lias a slight inhibitory action, tho nature of which is still undetermined 

3 The hypoglycacmic effect of the administration of tntraduodmal hydrochloric 
acid 

In 1920 breud and Nazim found a rapid fall m blood-sugar levels in dogB after 
mtrnduodonnl administration of 100 c c of 5 per cent hydrochloric acid This 
obson ation has smeo been confirmed (Zunz and La Barre, 1930) and was demon 
strnted in human subjects by Coelho and Ohvicro (1928) La Barre and Bhussa 
(1932) show cd that it ocourred in dopancrcntized animals and therefore was not 
duo to tho snnplo liberation of insulin Tho accepted explanation is that hydro- 
chloric acid liberates ferments from tho duodenal and jojunal walls which have 
a similar action to insulin These forments are known to exist and can be isolated 
from extracts of bowel v> all It is doubtful if this observation has any practical 
application, but it is suggested that tho high fasting gastno acidity m patients 
with duodenal ulcer is in jiart duo to tho liypoglycaomia produced by the 
pnssago of hydrochloric acid into tho duodenum 

This general surroy ofpastwork leads to somo important practical suggestions 
In tho first place, if it is true that tho presence of liyperglycaemia depresses 
gastno activity, wo might oxpeot to find a high incidence of hypochlorhydm m 
diabetics As far back as 1920, Bov on and Aaron drew attention to this faot, 
and m 09 diabetics they found complete achlorhydria m 20 and hypochlorhydm 
m others Thcso observations have beon confirmed by McPherson (1927), and 
as a natural corollary' tho very low incidence of peptic ulcer m diabetics has 
been noted Thus Dibold (1933) was able to find only seven peptic ulcers in 
800 diabetics, Land6 (1931) 10 peptic ulcers m 2,000 diabetics, and Rothenbeig 
and Tcichcr (1938) found an incidence of ulcer of 1 49 per cent in 130,500 general 
admissions, wlnlo m 3,525 diabetic admissions only 0 25 per cent suffered from 
ulcer Finally', Portis and Jaffc (1938), m disoussmg the post-mortem findings in 
339 peptic ulcers, mentioned that only one of the patients had diabetes There 
is thoreforo ample evidence that diabetic patients have less tendency to peptic 
ulceration than normal subjects McPherson (1927) suggested that this is the 
result of long-standing sovere hypeiglycaemia, ns the longer and more severe 
the diabetes tho greater is the incidence of hypoohJorhydna Again, since hypo- 
glycnomia is now accepted as a powerful stimulant to gastno secretion and 
motility v o may expeot to find corresponding changes in the stomach of a person 
liable to spontaneous hypoglycaemia Lyon and Klemhaus (1945) desonbed 
three cases of posthepatitic hypoglycaemia with dyspeptio symptoms In each, 
gastno hypersecretion, hypermotihty, and increase in the size of the mucosal 
folds developed, and gradually subsided with the disappearance of the hypo- 
glycaemio state None of these patients developed peptio uloer, although gastno 
secretion and motility were excessive at night Since sugar is a powerful depres- 
sant of gastno acidity and since the control of the latter may be the most unpor- 
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tant single factor m the treatment of peptic ulcer, it has been suggested that 
intractible cases of ulcer might benefit from the administration of glucose, 
particularly mtraduodenal hypertomo glucose (Glaessner, 1943) Recht (1931), 
Strauss (1932), and others have treated patients with peptic ulcer with sugar 
and have claimed good results Finally, it has been claimed (Glaessner, 1943) 
that the pain in some cases of duodenal ulcer may be induced by hypoglycaemia 
It has been pointed out that the pain of duodenal ulcer is rapidly relieved by 
small meals, that it comes on at times when hypoglycaemia is most likely, that 
it is sometimes associated with weakness, dizziness, sweating, hunger, and other 
hypoglycaenuo manifestations, and that the duodenal ulcer patient is more 
hable to hypoglycaemia than normal subjects 

Personal Observations 

The present paper records the results of personal observations on the following 
questions 

1 The action of glucose on the gastno acidity of patients with duodenal ulcer 

2 The action of insulin on the gastno acidity of patients with duodenal ulcer. 

3 The importance of hypoglycaemia as a factor in the production of pain in 
duodenal ulcer 

4 The effect of glucose on the pain of duodenal ulcer. 

1 The action of glucose on the gastric acidity of patients unth duodenal ulcer 
Six patients with typical symptoms and signs of duodenal ulcer and six 
healthy control subjects were seleoted A standard fractional test meal was 
performed in each of three consecutive weeks to eliminate any case showing big 
fluctuations m free acidity The effect of oral glucose on the fine acidity was 
noted by adding 60 gm of glucose to the gruel and repeating the test The effeot 
of intravenous glucose was observed by starting an intravenous dnp of 10 per 
cent glucose solution quarter of an hour before repeating the standard test 
meal The glucose was given at the rate of 60 drops per minute and continued 
throughout the test until the stomach was empty Finally, the effeot of mtra- 
duodenal glucose was assessed by repeating the test while 30 per cent glucose 
solution was introduced at the rate of 40 drops per minute into the duodenum 
To do this a duodenal tube was passed m the fasting subject by the usual method 
A stomach tube was then passed, the fasting juice withdrawn, the gruel admini- 
stered, and specimens of gastric juice taken at quarter-hour intervals until the 
stomach was empty The mtraduodenal glucose dnp was started at the time of 
the gruel administration In all cases where glucose was given, blood was taken 
for blood-sugar estimation each tune a specimen of gastno contents was removed. 
Fig 1 shows the typical average response m a patient with duodenal ulcer and 
Fig 2 the response m a normal subject The complete results are shown in 
Tables I and II respectively 

The important points whiok emerge are as follows The administration of oral 
glucose prolonged gastno emptying tune and depressed gastnc acidity m both 
senes of patients The former was the more constant and occurred in every 
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Table I 


The Effects of the Administration of Glucose by Various Routes on the Free Qatlm 
Acidity of Six Duodenal Ulcer Patients 

A, B, C ** Standard fraotionnl tost meals nl weekly intervals (o c ofN/lONnOH) 

D — Repent of test menl with 00 gm of glucoso milled to tho grud 

E »* Repent of test menl with 10 nnr cent ..... , 


F 

B B (D) 
I>B 1 ) 
BB (t) 


" 8tnndnrd fraotionnl tost monls nt weekly mlcn/ds (o c ofN/lONnOH) 

— Ropont of tost monl with 00 gm of glucoso nddod to tho grud 

" K XituH^ra7ho h tral P ° rCCnl ‘"•""-^elucosoot CO drops per mm stnrtod « quarter 

“* ° r test meal with 30 per cent glucoso intraduodennily nt 40 drops per min. 

“ DI< ^^,' u ', lo ' ( ' 1 ", ,r r 100 c c ) token at tho time of withdrawn! of each gnatno speunen 

during test meals D, 11, and F respectively 
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Table II 

The Effects of the Administration of Cflucose by Various Routes on the Free Gastric 
Acidity of Six Normal Subjects 


a, b, c - 
D ■ 
E . 

F 

B S (D) 
BS(E) 
BS(F) 


No 


■■ Standard fractional teat meals at weekly intervals (o o. of N/10 NaOH) 

. Repeat of test meal with 60 gm of glucose added to the gruoL 

■ Repeat of teat meal with 10 per cent intravenous gluoose at 00 drops per mm. started a quarter 
of an hour before test 

. Repeat of tost meal with 30 per cent glnoose mtradnodenally at 40 drops per min. 

= Blood sugar levels (mg per 100 o o ) taken at the time of withdrawal of each gaatno specimen 
during test meals D, E, and F respectively 


Fatt- 

ing 

A 21 
B 30 
C 11 
D 32 


4 

8 

14 

7 


18 

23 

18 

10 


t 

36 

32 

22 

25 


H i* 


50 

44 

54 

40 


43 

48 

48 

18 


40 

37 

44 

12 


It 

36 

46 

30 

26 


20 

14 

26 

13 


21 

18 


Gat. 

trio 

resi- 

due 

21 21 3 31 31 Are (o c ) 


BB (D) 74 112 131 146 160 167 163 144 109 


E 34 0 28 47 69 56 22 10 


10 

4 13 

96 103 
4 6 


6 

85 


B S | 


F 41 

0 

0 

0 

0 

6 

18 

14 

3 

0 

0 

0 

0 

0 

0 

Lb S (F) 81 

00 142 176 203 228 

195 

214 

108 

174 

162 

150 

145 

104 

120 

f A 12 

2 

12 

24 

32 

20 

16 

10 

6 

6 

4 





B 17 

6 

12 

28 

30 

18 

18 

14 

10 

8 






C 45 

2 

18 

23 

34 

28 

32 

16 

8 

8 






D 24 

0 

11 

10 

28 

10 

14 

12 

8 

6 

7 





B.8 (D) 85 111 

128 

136 

141 

134 

128 

119 

114 

97 

91 





E 21 

0 

28 

28 

37 

23 

21 

17 

10 

8 

6 





BB (E) 08 

104 

143 

108 

101 

183 

174 

201 

172 

101 

118 





F 8 

0 

14 

10 

8 

0 

12 

0 

0 

0 

14 

8 

0 

7 

0 

IB 8 (F) 76 

01 

123 

145 

187 

220 

205 

194 

207 

191 

170 

163 

141 

117 

103 

A 26 

3 

10 

32 

48 

40 

32 

30 

20 

20 

10 





B 20 

8 

24 

30 

64 

51 

46 

40 

24 

24 

17 





O 18 

10 

18 

41 

47 

48 

66 

44 

41 

20 






D 10 

12 

17 

33 

46 

69 

69 

51 

48 

31 

8 

12 

14 



BB (D) 80 

05 

113 

162 

185 

104 

151 

J37 

126 

111 

102 

09 

100 



E 33 

10 

20 

40 

58 

43 

31 

36 

32 

20 

14 

12 

6 



B S (E) 121 

146 

108 

168 

171 

162 

147 

155 

132 

138 

120 

142 

131 



F 20 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

lB 8 (F) 80 

124 

147 

171 

144 

162 

176 

105 

161 

143 

130 

121 

108 

00 

104 

A 10 

2 

26 

30 

48 

48 

26 

24 

18 

16 






B 18 

6 

32 

40 

42 

42 

23 

12 

17 

21 






O 20 

8 

20 

30 

42 

46 

23 

18 

18 

12 

14 





D 4 

12 

16 

19 

23 

20 

11 

5 

0 

7 

8 

6 

2 

11 

10 

B 8 (D) 101 

120 

138 

147 

161 

147 

138 

122 

109 

93 

104 

97 

104 

90 

107 

E 20 

16 

48 

00 

22 

11 

13 

17 

8 

6 

11 





B S (E) 131 

140 

101 

176 

237 

221 

101 

185 

144 

152 

137 





F 33 

0 

0 

0 

0 

0 

6 

12 

0 

0 

0 

0 

0 

0 

0 

IBB (F) 07 

126 

135 

178 

196 

142 

165 

191 

161 

155 

142 

117 

101 

04 

111 

A 20 

11 

18 

23 

31 

46 

60 

48 

28 

26 

14 

22 




B 20 

3 

20 

23 

36 

51 

66 

42 

20 

18 

IS 





C 18 

10 

23 

41 

48 

60 

42 

41 

26 

21 

20 





D 31 

0 

17 

17 

22 

34 

21 

16 

8 

4 

3 

0 

12 



B 8 (D) 76 

104 

123 

145 

108 

154 

131 

122 

81 

78 

81 

86 

90 



E 24 

10 

38 

42 

40 

46 

61 

39 

36 

27 

20 

20 




BB (E) 117 

138 

161 

178 

102 

168 

174 

102 

170 

145 

141 

137 




F 14 

17 

12 

0 

0 

0 

8 

14 

16 

12 

7 

7 

4 

0 

3 

lB 8 (F) 83 

134 

161 

172 

185 

174 

160 

171 

181 

161 

143 

117 

01 

86 

104 

A 7 

0 

11 

14 

18 

20 

28 

14 

10 

8 






B 10 

0 

13 

18 

28 

28 

10 

10 

8 

4 

4 





O 17 

0 

18 

20 

32 

31 

18 

12 

6 

10 






D 15 

0 

0 

10 

10 

10 

5 

6 

3 

17 

6 

0 

4 



<BS (D) 03 

114 

140 

162 

101 

161 

132 

103 

111 

101 

95 

78 

106 



E 14 

0 

20 

34 

23 

23 

21 

10 

14 

12 

17 

4 




B S (E) 123 

137 

140 

158 

174 

174 

103 

171 

163 

142 

125 

118 




F 14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IBB (F) 104 

140 

109 

183 

174 

107 

150 

170 

185 

143 

132 

1X7 

121 

119 

131 


36 


74 


14 


48 


20 


15 
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patient The m orngo lime of emptying was extended by half an hour, and in 
one normal subject (Case 4) the stomach still contained gruel one hour after its 
normal timo of emptying The depression of gnstno acidity nas moderate m 
fivo pationts of each group In tho remaining ulcer patient (Case C) the acidity 



Fio 1 


was not reduced and in the other normal control (Case 3) it ■was actually stimu- 
lated It is also clear from the figures that the acid depression was maximal 
dunng tho second half of the test meal and did not depend to any extent on the 
height of tho blood-sugar This suggests that the action of oral glucose given in 
this manner is dependant on its passage into the duodenum in hypertonic solu- 
tion The concentration of glucose in the above experiments was approximately 
15 per cent , sufficiently hypertonic to irritate the duodenal mucosa 
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Intravenous 10 per cent glucose had a. variable effect Its most constant 
action was s timula tion of the gastric acidity while the blood-sugar was rising. 
This occurred constantly and agrees with tbe observation of Enedman (1939). 
The subsequent behaviour of the free acid depended on the height to which the 



blood-sugar rose When this remained at reasonable limi ts of 200 mg per 
100 c c and below, there was no inhibitory action When, however, it reached 
levels m the region of 220 to 240 mg per 100 c c a rapid fall m gastnc acidity 
was noted It is probable therefore that hyperglycaemia per se can cause inhi- 
bition of gastnc acidity Whether this is purely a question of alteration m the 
osmotic tension of the blood is difficult to assess 
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Infcraduodonal hyportomc glucose had a constant and powerful inhibitory 
effect in both groups In tv o normal subjects (Cases 3 and 0) complete anacidity 
w ns produced after tho first hnlf hour In tho remaining four, small quantities 
of freo acid wero intermittently produced throughout the test In the ulcer 
group complete nnncidity was not seen, but very marked kypoohlorhydna was 
produced In all cases tho emptying time of tho stomach v as greatly prolonged 
and in nil but ono (Cnso 5, in tho ulcer soncs) gruel was withdrawn from the 
stomach after threo and a hnlf hours 

2 The action of insulin on the gastric acidity of patients with duodenal ulcer 
Preliminary experiments, not included horo, on tho effect of insulin on the 
gastric acidity show cd that a smglo hypoglj'cnomio attack induced during a test 
meal had a i nrinblo effect It was therefore decided to induce a prolonged 
attack by using Inrgcr doses of insubn during tho test meal and repeating them 
when necessary Pour normal subjects and four patients with duodenal ulcer 
wore therefore selected and a standard fractional test meal performed on each 
On a subsequent occasion insulin was given intravenously by means of a tuber- 
culin syringe 15 minutes before repeating tho test and again one hour after its 
start In this w ay it was found possiblo to maintain a prolonged hypoglycaemic 
state throughout the greater part of tho test When symptoms became severe 
they vere rohoved by' 40 per cent glucose given intravenously, and an attempt 
"was made to give just sufficient glucoso to relieve the more distressing symptoms 
without abolishing llio hypogly caenuo state entirely This was difficult and in 
many cases impossible, and the attempt usually' simplified itself into the giving 
of smnll repeated doses of glucose rather than a single large dose The total 
dosage of insulin employed averaged 20 to 30 umts, given in two parts at the 
times stated In tv o patients, 54 and 48 units were given before hypoglycaemic 
symptoms became evident Tho hypoglycaemic symptoms which developed 
v cro thoso commonly associated with this condition Sweating, lassitude, and 
pallor were usually tho earliest, and subsequently tachycardia, headache, pro- 
gressive drowsiness, dilated pupils, tremor, and in some cases dysarthria and 
apprehension, gradually' developed Tho patient was encouraged to withstand 
tho milder sy mptoms as long ns possible and m three patients in whom drowsi- 
ness was a prominent symptom it was found possible to complete the entire test 
without giving glucose Tho symptoms always developed within half an hour 
of the start of the meal and in two patients, not included m this senes, tho test 
had to bo abandoned, becauso both required large doses of glucose intravenously 
and subsequently' orally to control the symptoms No patient over the age of 
40 years was included, owing to the known nsks associated with hypoglycaemia 
in coronary artery' disease 

Figs 3 and 4 show the average response to this experimental procedure in a 
patient with duodonal ulcer and a normal subject respectively Tables m and 
TV summarize the complete results It is evident that insulin has a powerful 
stimulant effect on the free gastric aoidity of both groups, and greatly shortens 
tho time of emptying of the stomach In the four patients with duodenal ulcer 
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the effect was dramatic Commencing within 20 minutes, at the period of 
earliest hypoglycaemia, intense secretion of free acid was observed The average 
increment in acidity in the half-hour specimen was twice its original level, as 
judged by the previous standard test meal Subsequent differences were not so 

The Effect of Insulin on the Gastric Acidity of Four Duodenal Ulcer and Four 

Normal Patients 

A Standard fractional teat meal (o o of N/ 10 NaOH) 

B Repeat of fractional test meal with insulin given intravenously 16 nun. before ita start and again 
one and a quarter hour* later 

B*S (B) « Blood sugar levels {mg per 100 o.c } during test meal B at tunes of withdrawal of each gastno 
specimen 

Table HI Duodenal Ulcer Patients 















Amount of insulin 
and amount of 40 


Fast 











per cent glucose 

No 

-i 

in g 

1 

i 

i 

1 

B 

B 

B 

2 

21 

2J hra 

intravenously 

1 

A 

76 

12 

43 

86 

67 

71 

48 

32 




10 unit* 

1 \ 

B 

39 

21 

79 

86 

91 

98 






10 units 

1 

iB S (B) 128 

94 

60 

60 

45 

39 

35 






No glucose given 

f 

A 

41 

17 

28 

45 

03 

74 

82 

OS 




10 units 

2 \ 

B 

62 

21 

86 

79 

98 

96 






14 units 

1 

.B S (B) 78 

6ft 

55 

34 

84 

02 

34 






10 c .0 at S6 mu\. 

10 o c at 47 mm. 

1 

r a 

72 

12 

36 

60 

78 

61 






22 units 

3 \ 

B 

60 

33 

71 

94 

88 







No second dose 


Lbs (B) si 

67 

38 

101 

51 

46 







10 0.0 at 17 mm 













Coo at 2G min. 


f a 

48 

6 

14 

28 

62 

06 

73 

41 

16 



18 units 

4 ■ 

B 

6S 

0 

68 

91 

100 

112 






14 units 


1b 8 (B) 118 

70 

69 

52 

34 

94 

62 






20 cf o at 46 min 






Table IV Normal Gases 






Fott 











Amount of insulin 
and amount of 40 

No 












per cent glucoao 

-i 

mj 

i 

i 

i 

1 

11 

B 

B 

2 

21 

hra 

tntravcnoualy 

1 

f A 

12 

0 

14 

22 

31 

40 

34 

28 

14 

8 

22 

28 units 

1 B 

27 

8 

18 

34 

61 

08 

51 

52 




20 rants 


IB 8 (B) 92 

01 

65 

00 

68 

37 

74 

46 

54 




10 o o at 24 nun, 
10 c.o at 01 min. 

6 Q .0 at 94 min. 


f A 

18 

10 

18 

24 

36 

28 

13 

8 

21 

24 

7 

24 units 

2 

1 B 

31 

17 

38 

48 

61 

48 

06 





24 units 


Lbs (B) no 

75 

63 

128 

67 

37 

44 

38 





10 o c at 19 mm 

10 c o at 24 mm. 














6 o c at 61 nun. 


r a 

31 

16 

24 

30 

48 

63 

30 

16 

21 

8 


22 units 

3 

» B 

10 

18 

39 

61 

49 

07 

01 





15 units 


lBS(B) 114 

00 

54 

48 

36 

32 

37 

30 





No glucose given 


f A 

14 

0 

no 

31 

28 

18 

8 

12 

14 

14 


10 units 

4 

1 B 

28 

11 

36 

68 

01 

64 

41 





10 units 


IBS (B) 95 

82 

68 

48 

40 

38 

38 

32 





No glucose gl\ on 


great, but were nevertheless striking The emptying time did not exceed one 
and a quarter hours m any case and in two the stomach was empty m one hour 
In the control senes the stimulant effect was again present, but not so marked 
ns in the former group The mam effect was seen to be the maintenance of peak 
acidity until the stomach was empty The emptying time of the stomaoh was 
again shortened by an average penod of half an hour The number of oases 
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3 The importance of hypoglycacmia as a factor in the production of pain m 
duodenal ulcer 

Tho term ‘lag curve ’ was applied by Maclean (1920) to a peculiar response in 
tho blood-sugar curve m man after the ingestion of 50 gm of glucose The 
blood-sugar rises rapidly to hyperglycoemic levels and transient glycosuria is 
often found This ourvo is differentiated from that of true diabetes by the 
equally rapid fall in the blood-sugar to normal or subnormal levels within a very 
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short time The original explanation of the Tag curve’ was that insulin pro- 
duction iv as delayed for some unknown reason, permitting an exaggerated nse 
m the blood-sugar Thereafter insulin was rapidly released, reducing the blood- 



sugar quickly to normal or hypoglycaemic levels Within recent years this type 
of ourve has been found m increasing frequency in patients with duodenal ulcer, 
after gastrojejunostomy, and particularly after subtotal gastrectomy (Evensen, 
1942) Rapid emptying of the stomach is the common factor m these conditions, 
and it is non clear that this plays an important part The initial conception of 
a lag m the production of insulin m patients showing these curves has given 
place to the more likely hypothesis that early hyperglycaemia is due to very 
rapid absorption of glucose from the bowel In the present experiments it is not 
so much the hyperglycaemia which is of interest as the hypoglycaemia which 
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frequently follows Tho latter gonomlly occurs within two hours of ingestion of 
glucose and is thought to bo tho result of tho action of an excessive quantity of 
insulin secreted by tho pancreas in response to tho early hypeiglycaemia pro- 
duced during tho {cat. It is often of sufficient degreo to produce symptoms It 
" ns therefore decided to study tho response of patients with duodenal ulcers to 
tho ingestion ofGOgm of glucose Particular attention was directed towards the 
frequency of 'lag curves' in cases of uncomplicated duodenal ulcer and to the 
sy mptoins produced during any hypoglycaemic phase Tho test was performed 
on SO mnlo subjects between the ages of 1G and 67 years Eaoh had a typical 
story of duodenal ulcer and tho diagnosis w as confirmed radiologically No case 
showing o\ idenco of pyloric stenosis was included in tho senes Tho test was 
also performed on 80 male subjects of similar ago with no history of duodenal 
ulcer Each patient had an unrestricted carbohydrate diet for several weeks 
previous to tho test Tho blood-sugars were estimated by tho method of Hage- 
dorn and Jenson and capillary blood was used throughout In all patients show- 
ing glycosuria tho test w ns repented a fow day s later with blood-sugars estimated 
at quarter-hour instead of half-hour internals 
In tho control series 70 subjects showed a normal response In subsequent 
disoussion a normal response will bo taken as one m which the fast mg blood- 
sugar lies between 70 and 120 mg per 100 o c , tho maximal level does not 
exceed ISO mg per 100 cc, and a subsequent fall to approximately fasting 
le\ els occurs w ltlini two hours, no gly cosunn appearing throughout the test Of 
tho remnming four patients, ono proved to be a mild diabetic with a fasting 
blood-sugar of 120 mg perlOOcc and a maximal reading of 2G1 mg perlOOco, 
falling to 153 mg per 100 o o at the end of two hours One man in whom 
anomalous results appeared w ns subsequently found to be suffering from thyro 
toxicosis A third was a typical example of renal glycosuna with a renal thres- 
hold of 125 to 135 mg per 100 c c The remaining patient had a ‘lag curve’ 
response Tho fasting blood-sugar was 92 mg per 100 c o , the one-hour reading 
22G mg per 100 c c , and the two-hour reading SG mg per 100 c c Glycosuna 
was present during the first hour A subsequent test meal performed on this 
subject rm cnled a normal acidity w ith an emptying time of one and a half hours, 
and a barium meal confirmed the presence of a small hyperactive stomach In 
the SO patients with duodenal ulcer, GG showed relatively normal curves The 
fasting and minimal blood-sugars wore on tho average not lower than in the 
normal subjects Tlio maximal nse was distinctly greater, however, as may be 
seen from Tablo V, in which curves not fully within our previous definition of 
normal are excluded Of the remaining 14 curves whioh were not classified as 
normal, ono was a curve of a mild diabetic and the remaining 13 were typical 
‘lag curves’ Tho actual readings are given m Table VI Confirmed hypo- 
glycaomio sjTuptoius developed in six patients (Cases 2, 4, 7, 10, 11, and 13) an 
were of mild degree All complained of a feeling of hunger and a sense of weak- 
ness, and Cases 7 and 13 developed excessive sweating 

From these results it is seen that 'lag curve’ is a relatively frequent finding 
m patients with duodenal ulcer, occurring in about 15 per cent of the presen 
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senes Distinct hypoglycaemic symptoms occurred m six of these patients, and 
m one other patient (Table VI, Case 8) the blood-sugar fell to 61 mg per 100 c c 
at one and a half hours -without producing symptoms Patients with duodenal 
ulcer therefore appear to have a greater tendenoy to hypoglycaemia than normal 
subjects as judged by the above test This is directly due to rapid emptying of 




Table V 


Number of cases showing 



maximal blood-sugar 

me 


Normal subjects 

between — 


Ulcer patients 

130 to 140 mg per 100 c c 

i 21 

47 

140 to 160 

>> 

27 

24 

160 to 160 „ 

ft 

9 

3 

160 to 170 

tt 

4 

1 

170 to 180 „ ■ 

ft 

6 

1 


Table VI 



Blood-sugar Readings (mg per 100 c c ) 


Time 


(tn hours) 

Fasting 

i 

4 

i 

1 

U 

U 

Ii 

2 

2i 

2£ 

1 

96 

137 

188 

233 

194 

142 

124 

98 

101 

104 

94 

2 

102 

148 

226 

173 

121 

68 

117 

114 

100 

92 

94 

3 

91 

161 

176 

241 

214 

191 

136 

112 

87 

98 

90 

4 

72 

136 

181 

214 

173 

140 

64 

91 

86 

78 

80 

6 

84 

134 

161 

196 

176 

161 

142 

104 

91 

97 

91 

6 

103 

131 

260 

286 

204 

161 

140 

126 

118 

114 

108 

7 

78 

184 

274 

193 

146 

63 

94 

76 

78 

84 

73 

8 

84 

134 

174 

216 

216 

163 

61 

97 

89 

96 

83 

9 

96 

142 

181 

243 

191 

170 

136 

114 

116 

112 

104 

10 

100 

198 

193 

124 

109 

71 

66 

99 

104 

106 

98 

11 

77 

104 

182 

189 

203 

134 

86 

72 

78 

74 

81 

12 

102 

128 

101 

211 

198 

131 

117 

96 

114 

113 

107 

13 

91 

139 

174 

217 

224 

162 

123 

63 

104 

98 

102 


the stomaoh causing an early hyperglycaemia and a subsequent reactive hypo- 
glycaemia, in spite of the continued presence of food in the stomach and small 
bowel (Malmros, 1928) Staub (1927) has shown that physical work has a pro- 
nounced effect on the character of glucose tolerance curves in man The hypo- 
glycaemio phase is exaggerated, since available glucose is utilized by the 
musoles, so that the tendency to hypoglycaemia in patients with duodenal ulcer 
would be more marked under ordinary working conditions With the above 
conclusions in mind it was decided to investigate the blood-sugar levels of 
patients with duodenal ulcer during an attack of ulcer pain Specimens of blood 
were taken at random from 87 patients with confirmed duodenal ulcer during 
an attack of pam Altogether 264 such observations were made and a record 
was kept of the seventy, type, and duration of the pam m each, particular atten- 
tion bemg directed to any accompanying hypoglycaemio symptoms and to the 
length of time which had elapsed since a meal had been eaten Not more than 
four investigations were made on any one patient The blood-sugar levels 
obtained are recorded in Table VTI 

It was found that the 87 patients could be divided according to the results of 
these investigations into three groups 
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Group A A group of 75 patients who lmd ulcer pam constantly associated 
Wlt .a b,00cl ‘ BU fi nr Iovo1 nbovc 70 mg per 100 c o A total of 214 testa was made 
on these patients In tins group symptoms of hypoglycaemic type, faintness 
lassitude, sweating, tremor, and inability to concentrate, accompanied the nicer 
pain m eight instances These symptoms were regarded clinically as hypo- 


Tahle VII 


Blood mtgar Number of limes 

(me per 100 c c ) encountered 


Cher 200 

3 

180 to 100 

1 

170 „ 170 

2 

100 „ ICO 

11 

ICO „ 1G0 

7 

140 „ 140 

14 

no „ 130 

20 

120 „ 120 

27 

no „ 

119 

21 

100 „ 109 

21 

00 „ 09 

43 

80 „ 80 

20 

70 „ 

70 

22 

or. „ oo 

0 

00 „ 04 

24 

GG „ GO 

4 

GO „ G4 

2 

Total 264 


glj cacmio in origin before tlio blood-sugar Ic\ el w as known In six of them the 
blood-sugnr was subsequently found to be between 70 and 80 mg per 100 c o , 
and the remaining two readings were 81 and 85 mg per 100 c c It is well known 
that hypoglycnemic sy rnptoms can occur with much higher blood-sugar levels, 
particularly if a previous rapid fall in that level has occurred It is possible 
therefore that the symptoms which accompanied the ulcer pain in these eight 
instances were hypoglycnemic, in spite of tho relatively lugli blood-sugar levels 
Group B A group of four patients who had ulcer pain constantly associated 
with blood-sugnr lovcls below 70 mg per 100 c c In the 10 tests made on these 
patients, the highest blood-sugar reading obtained was 68 mg , and the lowest 
53 mg per 1 00 c o In this group, symptoms regarded clinically as hypoglycnemic 
and subsequently confirmed accompamed the ulcer pain in every instance in 
which it was studied Tho very low blood-sugar reading of 53 mg per 100 c c 
mentioned abo\ o was seen twice in the same patient and on each occasion ulcer 
pain wns accompamed by sovore hypoglycaemic symptoms, dysarthria, tremor 
of tho hands, profuso sweating, and inability to repeat the context of a short 
now spupor paragraph read to him during this period 

Group C A group of oiglit patients who had ulcer pam associated with vari- 
able blood-sugar levels, occasionally below 70 mg per 100 c c , but more often 
above tins level A total of 24 tests was made on these patients In this group 
hypoglycaemic symptoms accompamed the ulcer pam in eight instances Subse- 
quent blood-sugar readings confirmed the presence of hypoglyoaemia in seven, 
and in the other the reading was 74 mg per 100 c c 
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Further similar investigations made only on. the 12 patients of Groups B and 
C, not included in the above, confirmed these findings, as may be seen from 
Table VTTT One striking cluneal fact emerged from the study of the type of 
ulcer pam experienced by these 87 patients with duodenal ulcer In the 75 
patients of Group A who had pam constantly associated with blood-sugar levels 


Table VJLLL 



Case No 

Number of 
observations made 

Blood-sugar levels (mg per 100 c c ) 
during the ulcer pain 

j 

1 

10 

64, 66, 56, 58, 56, 58, 60, 60, 66, 64 

Group B ■! 

2 

9 

63, 68, 65, 59, 61, 68, 58, 67, 67 

3 

8 

52, 66, 66, 64, 63, 50, 69, 58 

! 

l 4 

8 

68, 54, 61, 61, 60, 68, 50, 64 


6 

11 

63, 142, 114, 136, 81, 75, 161, 62, 116, 141, 174 


6 

10 

61, 127, 114, 118, 139, 63, 112, 98, 141, 107 


7 

8 

128, 165, 71, 64, 58, 119, 92, 96 

Group C < 

8 

8 

61, 142, 79, 98, 112, 68, 134, 121 

9 

10 

117, 126, 143, 61, 68, 114, 122, 138, 96, 100 


10 

10 

114, 182, 148, 140, 112, 81, 64, 56, 82, 94 


11 

9 

65, 66, 123, 121, 59, 66, 132, 94, 100 


12 

10 

124, 117, 86, 87, 92, 104, 108, 82, 61 

above 70 mg per 100 

o o , the pam was identical with that classically described 


as occurring in patients with duodenal ulcer It came on at a time which varied 
from 40 minutes to three and a quarter hours after meals, the average interval 
being 70 minutes Untreated, its duration varied from 15 minutes to five hours, 
with an average of one and three-quarter hours It was often severe and was 
usually described as burning or boring m character Its site was diffuse, but 
most commonly in the epigastrium and m patients with duodenal ulcer of the 
posterior wall, radiation of the pam to the mterseapular area frequently occurred 
Three patients had typical ulcer pam constantly situated below the umbilicus 
m the nudkne, and m four others it was felt maximally m the right hypochon- 
dxium It was accompanied by acid regurgitation, heartburn, or waterbrash m 
GO per cent of cases, and vomiting of a few mouthfuls of acid material occurred 
at the height of the pam in 15 per cent In 85 per cent of cases it was relieved 
within an average period of 15 minutes by the taking of food In the remaining 
15 per cent , all of them examples of very severe ulcer pam, relief by food was 
not experienced Relief by alkalis was rapid in the few cases m which they 
were used Hypoglycaemic symptoms accompanied the pam only on rare occa- 
sions In no case was the pam accompanied by true hunger On the contrary, 
when severe it was invariably associated with anorexia and even when mild was 
often accompanied by this symptom ThiB finding is contrary to the belief of 
many clinicians who regard a feeling of hunger as an integral part of the pam of 
duodenal ulcer In the present investigation ulcer pam was found to he accom- 
panied frequently by' a desire to eat, which is understandable considering the 
relief obtained It occurred with the onset of hunger, but when pain started, 
hunger disappeared and, particularly if severe, was often replaced by an actual 
distaste for food Moderate pam was often found to be associated with what 
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tho patient called hunger, but on closer questioning this was always found to 
bo a combination of two things, a know ledge that food would give relief, and 
tho absence of an actual distaste for it In no instance was ulcer pain found to 
bo accompanied by a strong desire for food for tho simplo pleasure of eating it, 
that is, true hunger 

In tho four patients of Group B, who had ulcer para invariably associated with 
blood-sugar lei els below 70 mg por 100 c c , tho pain was found to be completely 
different from that described above It came on later, at a time which varied 
from two and three-quarters to four hours after a meal, the average interval 
being three and a quarter hours Its duration was much shorter, varying from 
10 to GO minutes w ith an avorage of 30 minutes It was never severe, and was 
described ns an empty or tight feeling m tho epigastrium, which in itself was not 
distressing It was invariably' associated with a feeling of intenso hunger and 
by symptoms which were unquestionably' of hypoglycaomic origin, sweating, 
lassitude, apprehension, pallor, diplopia, emotional instability, palpitation, 
inability to concentrate, and tremor of tbe hands It was constantly and rapidly 
abolished by' food and oral glucose, occasionally' relieved by adrenalin injection, 
and unaffected by’ alkalis It was not accompanied by symptoms of acid 
regurgitat ion or v omitmg The hypogly caemio symptoms experienced by these 
patients were much more distressing than tho mild epigastric discomfort which 
occurred, ns may' bo appreciated from tho following case record of one whioh is 
typical of tho other three 


Casel Age 39 years, grocer The patient was first seen m February 194G He 
was admitted to hospital with se\ ore melacna of tw T o days’ duration He was 
treated on standard lines and made an uneventful rccoveiy in six weeks During 
tho latter pnrt of this period a test meal w as performed and showed the following 
figures 

Fasting } i I 1 II hrs 

38 C 41 03 74 02 cc ofN/lONaOH. 


A barium meal revealed a tender deformed duodenal cap with no aotual ulcer 
crater \ lmble Shortly after admission ho was questioned about his previous 
digeshvo history and tho following facts w ere elicited Five years previously he 
had dm eloped nn abnormal appetite He found that if he did not have some- 
thing to cat betw eon meals his efficiency' and alertness were greatly impaired 
and ho lmd formed tho lmbit of carrying with him to work chocolate, sweets, or 
biscuits If ho neglected to do this, by noon or late afternoon he was ravenously 
hungry, exhausted, and irritable If ho allowed the intense hunger to persist, 
other (symptoms developed, including an empty feeling m the epigastrium which 
ho refused to call a pam His wife supported him m this contention, stating that 
she lmd not heard lum complam of pam during this period, although she had 
been aw are of Ins abnormal desire for food Of these other symptoms the most 
pronounced wmre sweating, palpitation, a feeling of apprehension, and occa- 
sionally diplopia On one occasion when he had gone fish mg and lost his sand- 
wnches, a doctor had found him sitting by the loch side unable to tell hunius 
name or address until he had been given fortuitously a cup of sweet tea xwo 
years previously ho had consulted the Medical Officer of his Ar®y uni a ou 
his complaints and after being medically examined was informed thathesufiered 
from diabetes A week later he had a sugar tolerance test and was told that tms 
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diagnosis was incorrect, that the sugar found in his urine was of no importance, 
and that he should avoid sugary foods as far as possible for the remainder of his 
life He had not consulted any other doctor since then, although his symptoms 
had been constantly present until his admission to hospital with melaena He 
was discharged from hospital at the end of sis weeks and for seven months 
remained well, although his hypoglycaenuo symptoms occasionally recurred if 
he did not have frequent meals He then developed severe tonsillitis and during 
his convalescence when he was walking about but had not yet returned to work, 
his abnormal desire to eat returned As instructed, he reported immediately to 
hospital and further investigations were earned out Physical examination was 
negative except for some deep tenderness m the epigastrium A test meal 
showed no appreciable difference from the previous one, and his faecal occult 
blood test (benzidine) was positive on three occasions on a meat-free and chloro- 
phyll-free diet The report of a banum meal done at this time was as follows 
‘The barium passes normally down the oesophagus into the stomach, which is 
small and hyperactive but otherwise normal The barium passed quickly into the 
duodenum, the cap of which is very deformed and tender on deep pressure A 
small ulcer crater is present m the anterior wall of the duodenum H" from the 
pylorus ’ A sugar tolerance test was performed m August 1946 and the following 
results were obtained (Table VI, Case 2) 

Time, Fasting £ £ £ 1 1£ 1£ 1£ 2 2£ 2£ hrs 

Blood-sugar 102 148 220 173 121 68 117 114 100 92 94 

{mg per 100 c o ) 

Glycosuria was present dunng the first half of the test, and excessive hunger, 
weakness, sweating, and pallor persisting for 20 minutes developed at 73 minutes 
Blood-sugar readings taken during subsequent periods of hunger associated with 
upper abdominal discomfort are recorded m Table VIII (Case 2), and were all 
at hypoglycaemic levels Intravenous and oral glucose relieved the symptoms 
completely within a few minutes Both intravenous saline and water sweetened 
with saccharine taken orally had no effect He was put on a standard ulcer 
regime and three weeks later his symptoms disappeared He has since remained 
well, apart from occasional mild hypoglycaemic attacks, except for a period of 
three weeks in May 1947 when his symptoms suddenly reverted to their former 
seventy, necessitating stnct dieting and a short penod m bed 

There can be no doubt that the mild type of epigastric discomfort expenenced 
by this patient and by the other three of Group B is a c lini cal entity separate 
from the common type of ulcer pam previously described This fact was clearly 
established in the investigations earned out m the eight patients of Group C who 
had duodenal ulcer pam associated with vanable blood-sugar levels Two of 
these patients complained spontaneously of two distinct vaneties of ulcer pam 
corresponding closely to the types described above It is significant that each 
applied the same terminology to the pains, describing the more common severe 
typo as ‘early’ and the other as ‘late’ The following case record is taken from 
one of them and illustrates this pomt 

Case 2 Age 40 years, garage mechanic The patient first developed dyspepsia 
in 1 933, and in 1935 he v as diagnosed radiologically as having a chrome duodenal 
ulcer Ho had had two severe haematemeses m 1935 and an operation for a 
perforated duodenal ulcer in 1939 Thereafter he remained symptom free until 
November 1944, when his dyspepsia recurred and persisted until he came under 
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obson at ion in July 1040 At this timoho complained of the following symptoms 
At an interval which varied from 40 minutes to ono and a half hours after a 
menl lie do\ eloped so\ ero burning pain in tho epigastrium radiating to the 
intcrscnpumr area This jmm u ns relieved but not abobshed by food, rest, and 
alkalis, and at its height heartburn and vomiting occasionally occurred. It 
enmo on at some period every' day and often w oko Jum up at night It was not 
nccompnmcd by hunger, liut somo food was usually eaten to alienate it When 
the pnin w ns \ cry so\ ore, food failed to givo relief, his appetite disappeared, and 
considerable loss of w eight occurred ns a result In addition to this severe pain 
" bielt ho described ns his ‘early ’ pam ho also complained of a second typo which 
ho described ns Ins ‘late ’ pam Tho latter always occurred just before meals and 
Insted no longer than half an hour It was again described as an intense empty 
feeling in tho stomach and was not distressing m itself It was immediately 
rolici od by food, but not by alkalis Ifo regarded this typo of pam as a warning 
of tho immincnco of moro unpleasant symjitoms of hypoglj'cnomio type The 
most prominent of tlieso wero dy'sarthrm, inability to think clearly, sweating, 
pallor, and palpitation Ho attributed tho loss of two good jobs to these symp- 
toms, ns ins work deteriorated badly m quality during their presence and he 
was liable to commit tho most clemontary technical errors His severe type of 
pam did not affect his work to an appreciable extent Inevitably he had dis 
co\ ored that a pioco of chocolato or n fow sweets relieved these ‘late’ symptoms 
within a fow minutes, hut ho emphasized the importance of taking these early 
m an attack, ns failure to do so w as quickly' follow cd by a mental state m which 
their therapeutic value was forgotten Tho hypoglycaomic symptoms did not 
occur moro thnn twico or thneo a week and on ono recent occasion they had 
disappeared for a continuous ponod of iivo weeks, in spite of the presence of 
se\ ero ‘early ’ pam during this time Hestatcd that both types of pain sometimes 
occurred after tho same meal, and even in theso circumstances hypoglycaemio 
symptoms dc\ eloped with tho onset of ‘late’ pam Radiological investigation 
of this patient confirmed tho presence of a penetrating posterior wall duodenal 
ulcer A sugar-tolcranco test gave tho following values (Table VI, Case 13) 

Time Failin'] \ * \ 1 IJ 1} lj 2 2f 2J hrt 

Blood sugar 01 139 174 217 224 152 1 23 03 104 98 102 

(mg por 100 c o ) 

Glycosuria was presont during tho test and hypoglycaemio symptoms similar to 
thoso of winch ho complained developed m 95 minutes A fractional test meal 
rovealed a typical climbmg-curvo typo of hypercblorhydna and faecal occult 
blood tests wore constantly positive Ho was put on a standard ulcer regime 
and lins romamed fairly well sinco that time, although he still has periods oi 
sovoro symptoms 


Four of tho remaining slx pationts in Group C did not spontaneously give a 
history of having suffered from two distinct types of ulcer pam, but their de- 
scriptions of symptoms gave this impression, and when the possibility was 
brought to their attention they readily agreed and were able to differentiate 
clearly botween tho two varieties and, what is of greater significance, were ab e 
to describe hypoglycaemio symptoms present with the ‘late’ type which were 
novor present with the other Tho remaining two patients of this group had no 
experience of ‘late’ pam, m spite of having occasional low blood-sugar leve 
during attacks of ulcer pam Each tune ‘late’ pam was encountered m the 
patients of this group the blood-sugar level was below 70 mg per 100 o o , and 
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it was accompanied by classical symptoms of hypoglycaemia It is noteworthy 
that the converse was found to be untrue, typical severe ulcer pain being found 
not infrequently with blood-sugar levels as low as 60 mg per 100 c o It is of 
interest to record some other investigations (Table IX) in the four patients of 
Group B who complained solely of ‘late’ or hypoglycaemie pain Each patient 


Table IX 


(a) Test meals 

Fasting 

i 

i 

i 

Case 1 

73 

12 

34 

58 

„ 2 

38 

8 

41 

83 

„ 3 

44 

14 

22 

48 

„ 4 

31 

7 

29 

41 


(6) Glucose tolerance test 



Fasting 

i 

i 

1 

1 

1} 

Case 1 

72 

136 

181 

214 

173 

140 

„ 2 

102 

148 

226 

173 

121 

88 

3 

84 

134 

174 

216 

216 

163 

„ 4 

91 

139 

174 

217 

224 

152 


1 

H 

1£ hrs 



72 

80 


' 

i 


74 

71 

62 

86 

84 


loo ofN/lONaOH 

83 

72 


• 

1 



1} 

2 

2} 

24 hrs 


64 

117 

61 

123 

91 

114 

97 

03 

86 

100 

89 

104 

78 

92 

96 

98 

80 1 
94 I 
83 | 

102 J 

1 mg per 

1 100 c c 


showed hyperohlorhydna with a rapidly emptying stomach The glucose 
tolerance curves were of the ‘lag ’ type and glycosuria occurred m each Hypo- 
glycaemic symptoms occurred m Cases 1, 2, and 4 about the time of minimum 
blood-sugar levels 


4 The effect of glucose on the pain of duodenal ulcer 

In 83 patients with duodenal ulcer confirmed radiologically, all mcluded in 
the senes previously investigated for hypoglycaemia during an attack of pam, 
a simultaneous investigation into the effects of mtra venous glucose on such pam 
was undertaken In all, 122 intravenous injections of 30 c c of 40 per cent, 
glucose were given at random and the results controlled by giving equivalent 
injections of normal saline Each injection was made during an attack of ulcer 
pam, the character and seventy of which were carefully recorded before the 
injection was given, and its effect noted No attempt was made to investigate 
the blood-sugar levels during these experiments Not more than three investiga- 
tions of each type were made on any one patient In eight patients, intravenous 
glucose invariably relieved the pam within a few minutes The composition of 
this group was as follows 

(i) Three men who also experienced prompt relief from intravenous normal 
saline It was considered in these cases that the psychological effect of 
the injection was more important than its composition 
(u) One man who suffered from typical severe ulcer pam constantly relieved 
by intravenous glucose and not by intravenous salrne No explanation 
could bo offered for this finding, as blood-sugar readings taken during his 
attacks of pam did not fall below 91 mg per 100 c c and did not rise 
above 178 mg per 100 c c after an injection It is unlikely that inhibition 
of gastnc motility and secretion occurred at the latter level 



250 


A. MUIR 


(m) Tlio four men of Group B abovo, who invariably complained of ‘late’ or 
hypoglycnemic pain Each injection was mado durmg a typical attack 
of this typo of pam, and relief was rapid and complete Intravenous 
normal snhno solutions and glucose solutions of strength insufficient 
(1 to 5 per cent ) to raise the blood-sugar abovo hypoglycaemic levels 
vero uniformly unsuccessful in alleviating tho ulcer pam 

In six pat lent s, intrav cnous glucose rehe\ ed ulcer pain only' on some occasions, 
and snhno had no effect These were tho same six patients of Group Cwho 
occasionally Buffered from ‘late’ pain, and on each occasion when the injection 
successfully rehov cd the pain it was of this type When it was of the common 
early typo it was not alleviated In tho remaining 09 patients, intravenous 
glucose had no effect on ulcer pam, winch was invariably of the ‘early’ type 
When it was roalwcd that pain associated with a low blood-sugar level and of a 
characteristic typo was a clinical entity m patients with duodenal ulcer, glucose 
injections were given each time it was encountered Tho pam was uniformly 
abolished by (his procedure and also by giving 15 gm of glucose in a glass of 
water by mouth Wien saline was substituted for tho intravenous glucose, no 
relief w ns experienced When a glass of w nter with saccharine added to sweeten 
it and a pinch of flour to giv o it a cloudy appearance was substituted for the 
glucose drink, relief wns experienced but it was delay ed and never complete 


Discussion 

The results obtained in these experiments confirm the closeness of tho relation 
ship beta ccn carboliy drate metabolism and gastnc secretory activity Patients 
with duodenal ulcer wero shown to react to glucose and insulin in a manner 
similar to normal subjects Tho only differences observed were differences of 
degreo Thus insulin appeared to stimulate free gastric acidity more powerfully 
in tho ulcer cases, and intrnduodenal glucose inhibited it more markedly in the 
norma] subjects Tho former observation is probably a manifestation of the 
vagotonia of patients with duodenal ulcer while the latter may be explained by 
tho work of Shay, Gorshon-Cohen, and Eels (1942) in which they showed that 
tho duodenal mucosa of a patient with duodenal ulcer was less sensitive to 
stimulation by hypertonic solutions than that of a healthy person 

It w as found that approximately 15 per cent of a senes of 80 cases of duodenal 
ulcer lind a glucose tolerance curve of the ‘lag type’ and more readily showed 
svmptoms of hypoglycaemia durmg the test This agrees with the majonty of 
published observations, Evonsen (1942), for example, finding a similar moidence 
in 50 cases, after excluding all other possible causes of glycosuna It is thus 
apparent that patients with duodenal ulcer have a greater tendency to hypo- 
glycaomia than normal persons, and it is clear that under more natural condi- 
tions where physical work is performed this tendency would be even more 
marked Evensen (1942) has indeed proved this point by performing glucose 
tolerance tests durmg the performance of a standard amount of work According 
to some workers the importance of this type of hypoglycaemia m patients witn 
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duodenal ulcer is that it may initiate ulcer pam, since hypoglycaemia is the 
important factor ca usin g the increase in gastno secretion and motility after 
insulin a dminis tration The results obtained do not support this view in the 
great majority of cases The common type of ulcer pam was not relieved by 
glucose given m sufficient quantity to overcome any hypoglycaemia present. 
Blood-sugar readings taken at different timeB throughout the attacks of pam 
were m most cases above hypoglycaenuc levels Occasionally typical severe 
ulcer pam was associated with blood-sugar levels below 70 mg per 100 c c , but 
m each case intravenous glucose failed to give relief and no other hypoglycaemic 
symptoms were present On the other hand, it is stressed that hypoglycaemic 
pam can occur as a symptom of duodenal ulcer The frequency of this type of 
pam is difficult to assess In the present senes of 87 patients, four were found 
who suffered from it exclusively and it was present occasionally m six others, 
but this incidence may, however, be unusually high Since its recognition it has 
been searched for m several hundred other patients with duodenal ulcer, but 
only one man was discovered with this special type of pam as his mam com- 
plaint, although it was encountered not infrequently as an occasional symptom 
It is readily differentiated from typical ulcer pam by itB constant association 
with true hunger and. with other symptoms of hypoglycaemia Other distinctive 
features may be summarized as follows 


‘Late’ pam 

1 Never severe Usually described as 
a marked ‘empty’ or ‘sinking’ feel- 
ing m the stomach 

2 Does not radiate 

3 Constantly associated with a feeling 
of intense hunger 

4 Occurs several hours after a meal 
when the stomach feels empty 

5 Relief by food immediate and com- 
plete 

6 Alkalis do not relievo 

7 Frequently associated with dryness 
of the mouth 

8 Often accompanied by other symp- 
toms more distressing than the pam 
itself, such ns lassitude, apprehen- 
sion, su eating, faintness, pallor, 
clumsiness, inability to concentrate, 
emotional instability, Lo. 


‘Early’ pain 

1 Often severe Described as ‘burn- 
ing’, ‘bonng’ 

2 Often radiates into the back and 
chest 

3 Seldom associated with a feeling of 
hunger, particularly if severe 

4 May occur as early as half an hour 
after a meal when the stomach feels 
full 

5 Usually, but not constantly, re- 
lieved by food 

6 Alkalis often relieve 

7 Not usually associated with dryness 
of the mouth 

8 Seldom accompanied by other 
symptoms, apart from those often 
associated with severe pam, such as 
restlessness and irritability 


The cause of ‘ late’ or hypoglycaemic ulceT pam is difficult to determine It 
may bo due to the increase in gastno motility and secretion known to occur 
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dunng hypoglycaemin, the former causing rapid stomach emptying, leaving the 
augmented gastric acid unbuffered to induco ulcer pam If this is the cause, 
lion over, it is difficult to explain w by it Bhould difFor bo much clinically from 
tyincal ulcer pam, which, nccordmg to modem opinion, is induced by the same 
mechanism, and particularly why it should not bo roboved by alkalis A more 
likely hypothesis is that it is a component of the ordinary hypoglycaemio 
syndromo and not related to the prcsenco of a duodenal ulcer per se The 
clinical features of Mate’ ulcer pain suggest that this explanation is the more 
likely To investigate this point the four patients of Group B who complained 
oxclusiv cly of hypogh cncmic ulcer pam and the slx of Group C who complained 
of it occasionally were given intravenous insulin in sufficient doses to prodnre 
h j^ioglj cncnna This w as done on a fasting stomach immediately after a large 
doso of soluble alkali bad been taken to ensure that any epigastric discomfort 
subsequently experienced was not duo to unbuffered acid secretion In each 
case hypogly cncmic symptoms developed identical to those experienced spon 
tan con si) , and tlicso included epigastric discomfort similar in every respect to 
hypogh cncmic ulcor pain, suggesting that this type of pam is directly due to 
the hypogh cnenua nnd not to any* secondary effects which this may have on 
gastnc secretion nnd motility One fact, however, still requires explanation if 
this hypothesis is correct In healthy porsons liypoglycaomia often produces 
intense hunger by increasing gastnc tone nnd motility, but it seldom produces 
epignstnc discomfort, oven of the mild character of hypoglycaemic ulcer pain 
Furthermore, in JO fasting pnticnts with duodenal ulcor, none of whom had 
ever suffered from hy pogly cncnuo ulcer pam, hypoglycaenna induced by insulin 
failed to produce epignstnc discomfort of any r kind It is obvious, therefore, that 
in those patients with duodenal ulcer v ho exp enence hypoglycaemio pa in, some 
unknown factor exists winch promotes epignstnc discomfort to an unusually 
prominent position m flic symptomatology of liypoglycaemia The fact that 
hypoglycaemio pam occurs ns an occasional symptom of duodenal ulcer is not 
unexpected From what hns been said above, it is probably no more than an 
exaggeration of a condition which hns been known for some tune to occur m 
healthy peoplo, many of whom, with the onset of hunger, experience a feeling 
of emptiness of the stomach associated with lassitude, inability to concentrate, 
faintness, nnd other mild hypoglycaemic symptoms Jones (1935) discussed this 
problem in healthy American workers nnd attributed mid-morning hypo 
gly cncmic symptoms to the higli-carbohydrate, low-fat content of the average 
American breakfast To this condition the name alimentary hypoglycaemm has 
been applied nnd its mode of production is identical with that of hypoglyoaenuo 
symptoms in patients with duodenal ulcer, namely, initial rapid absorption of 
carbohydrate os a result of a rapidly emptying stomach followed by reac- 
tive liypoglycaemia duo to an excessive insulin response by the pancreas 
In the present investigation one healthy man was found who suffered from 
alimentary hypoglycaemic attacks and the similarity of his symptoms to those 
of the four patients of Group B was striking, as will be seen from bis case 

record 
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A medical student aged 22 years In August 1946 a control sugar-tolerance test 
■was performed, on tins healthy man and a lag curve response obtained. A 
test meal showed normal gastno acidity with a stomach emptying tame of one 
and a half hours A banum meal revealed no gastno or duodenal abnormality, 
apart from the presence of a small hyperactive stomach, and repeated faecal 
occult blood tests were negative The actual blood-sugar levels after the in- 
gestion of 50 gm of glucose have been recorded on p 248 Subsequent question- 
ing of this student elicited the following history Since the age of 15 years he 
had suffered from attacks of lethargy and mental confusion before meals These 
attacks lasted for about half an hour, occurred only after a three- or four-hour 
fast, and were immediately relieved by food He estimated that they occurred 
perhaps twice a week and he had recently come to the conclusion after reading 
an article on this syndrome that they were hypoglycaemio m origin The symp- 
toms which developed during an attack were very constant Hunger and sweat- 
ing developed first, rapidly followed by palpitation and a feeling of intense 
apprehension If nothing was eaten apprehension gradually became replaced 
by a state of euphoric mental confusion very similar to mild alcoholic intoxica- 
tion He was naturally questioned closely about his gastric symptoms during 
these attacks, and admitted that he experienced a feeling of tightness across the 
stomach, but the impression was gamed that this was not so marked as that of 
hypoglycaemio ulcer pain Ho had formed the habit of carrying about with him 
biscuits or a few lumps of sugar to terminate the attacks He had been forced to 
give up playing rugby football, as violent exercise frequently precipitated an 
attack The palpitation and faintness he experienced had even led him to 
suspeot erroneously a cardiac weakness The possibility of an islet-cell tumour 
of the pancreas was considered in thiB case, but rejected on clinical grounds 

This man’s symptoms differ from those of the four patients with duodenal 
ulcer of Group B only in then relative infrequency and in the fact that epigastric 
discomfort was a httle less marked It is suggested, therefore, that patients with 
alimentary hypoglycaemia should have a complete gastric investigation, even in 
the absence of a history of dyspepsia, to exclude the presence of duodenal ulcera- 
tion Each of the four patients m Group B gave a history of what were virtually 
attacks of alimentary hypoglycaemia None Buffered from ulcer dyspepsia even 
in its mildest form, and were recognized as suffering from chrome duodenal 
ulcer only after serious haemorrhage had occurred 
Finally, an attempt was made m these investigations to assess the possible 
merits of glucose as an antacid m the therapeutics of duodenal ulcer The addi- 
tion of GO gm of glucose to the test meal gruel led to a depression in gastric 
acidity From tho results obtained, the degree of depression in acidity by this 
relatively large dose of glucose does not warrant its employment ns an antacid 
Smaller doses of the common alkalis are much more effective and considered 
Purdy m this light oral glucose has httle place in the treatment of duodenal 
ulcer The same conclusion applies to intravenous glucose for s imil ar reasons, 
but cannot bo applied to mtraduodenal glucose which is a profound depressant 
to gastno acidity when given m hypertomo solution A modem diot and alkali 
regime thoroughly controls diurnal acidity m patients with duodenal ulcer 
Intrngastnc dnps of milk aud alkali have been used to control nocturnal acidity 
m intractable cases and it is suggested that an mtraduodenal dnp of 30 per cent 
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giucoso might not moro efficiently m this respect, as its action is to inhibit the 
production of gastric secretion and not to neutralize it after its formation, and 
so allow it oven a transitory action 

Summary 

1 Giucoso inhibited acid secretion of the stomach m patients with duodenal 
ulcer, and prolonged gastnc empt 3 , ing timo Tho maximal effect was produced 
I >3 intrndiiodcnni hjpertome giucoso, oral and intravonous glucose having a 
similar but weaker action 

2 Tho inhibition of gastnc noidity produced by mtraduodenal hypertonic 
giucoso in patients with duodenal ulcer was not so complete ns that produced 
m norma! persons 

«h Insulin stimulated acid secretion of tho stomach in patients with duodenal 
ulcer and shortened gastric emptying timo This action was more powerful in 
patients with duodenal ulcer than in normal persons 

i Thirteen patients with duodenal ulcer out of 80 investigated had a ‘lag 
cun o ’ t\ pe of response to tho ingestion of CO gm glucose Six of them developed 
confirmed hvpogl} caoimc sj mptoms during tho test 

S In S7 patients with duodenal ulcer, blood-sugar estimations made during 
attacks of ulcer pnm showed constant hypoglycaemic levels m four patients, 
variable levels in eight, and levels invariably abovo 70 mg por 100 c c in 75 

G It is suggested that hypoglycaemic pain is a clinical entity m duodenal 
ulcer Four patients wore found who suffered exclusively from it, and six who 
had it as an occasional symptom 

7 Hypogh cnenuc pain is contrasted w itli tho common type of nicer pam and 
found to differ from it, mmnly m its association with intense hunger and other 
hypoglv cnenuc symptoms 

8 Four patients w ith clironic duodenal ulcer are described, each of whom 
gave a his torn, of repeated attacks of alimentary hypoglycnemia ns then- major 
complaint 

fl Giucoso was found to bo ineffective m relieving tho common type of ulcer 
pnm. It relieved hypoglj caonuc pnm immediately 

10 It is suggested that intrndiiodonal hypertonic glucose has a plaoo m the 
treatmont of introctablo cases of peptic ulcer 

My thanks are duo to Dr D K Adams and Professor C F Illingworth m 
vvlioso departments of tho Western Infirmary, Glasgow, the work was earned 
out, and principally to Professor J W McNee for his help and encouragement 
m the preparation of this paper, and for laboratory facilities in the Gardiner 

Institute of Medicmo 

The work was earned out during the tenure of a Bntish Medical Association 
Research Scholarship 
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CIRCULATORY DYNAMICS ESF EMPHYSEMA 1 

By A D GILLANDERS 
(From the Royal Infirmary, Edinburgh) 

Introduction 

Blumgakt and Weiss (1927) made the significant observation that pulmonary 
blood-flow is not retarded m the presence of emphysema At the same time they 
found cause to beheve that peripheral venous pressure is unaffected by this 
disease They argued therefore that in the emphysematous patient a prolonged 
circulation time or a raised venous pressure is diagnostic of heart-failure ‘even 
m the absence of oedema or other cluneal evidence of congestive failure’ (Blum- 
gart, 1931) This was not in accord with their findings m decompensated heart- 
failure of other aetiology that circulation time is prolonged and venous pressure 
raised Nor did it conform to their valid argument that m the evolution of 
congestive heart-failure circulation time is prolonged before venous pressure 
rises That circulation times are not appreciably changed m uncomplicated 
emphysema has been confirmed by many workers (Tarr, Oppenheimer, and 
Sager, 1933 , Fishberg, Hitzig, and King, 1932 , Kaltreider, 1938), but it has 
subsequently been shown (Kountz, Pearson, and Koemg, 1932) that peripheral 
venous pressure is commonly raised m the absence of heart-fadure The opposite 
view that venous pressure is reduced has also been expressed (Master, Jaffe, and 
Dack, 1936 , Durant, 1946) The present paper presents evidence that in ‘pulmon- 
ary emphysema blood-Jlow is significantly faster and peripheral venous pressure 
higher than in health 

Emphysema and congestive heart-fadure have so many symptoms and signs 
m common, including effort dyspnoea and cyanosis, that the diagnosis may at 
tunes be difficult (Fishberg, 1944) It is usually stated that enlargement of the 
hver from venous engorgement or the appearance of oedema establishes the 
diagnosis of heart-fadure (Durant, 1946) Neither cardiograpluc nor X-ray 
examination can be rehed upon to do so (Parkinson and Hoyle, 1937) Enlaige- 
ment of the hver is ordinardy presumed from descent of its lower border In the 
emphysematous patient downward displacement of this organ is a natural 
sequel to the changes witlnn the chest and m these circumstances it may bo 
impossible to determine whether it is engorged or not Moreover oedema may 
possibly bo caused by emphysema alone (Kountz and Alexander, 1934) From 
a consideration of circulation times and % enous pressures an attempt will be 
mado to establish diagnostic criteria by which emphysema can be differentiated 
from the heart-fadure it may cause and this, m turn, from heart-fadure occurring 
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ns nn incidental but serious complication of the pulmonary disease Rational 
treatment domnnds this distinction 


Clinical Material 

The im cstigalion embraces representative groups of patients (I) with emphy- 
sema, (2) with emphy semn w ith congestn e henrt-fnduro, and (3) healthy adults 
Tlio v ord emphy semn ns used in the present paper refers to chronic hypertrophic 
vesicular emphysema The subjects included in the third group, 40 in number, 
■were normnl in the sense that they had no recognizable disease, they serve as 
controls The group with emphysema comprises only 25 patients because m an 
attempt to incorporate only thoso w itli uncomplicated emphysema the rejection 
rate was Ingh Although this principle of selection was retained, it became 
apparent tlint its strict application was impracticable, otherwise all, or nearly 
nil, those of middle ago and beyond w ould be excluded As age advances, emphy 
semn, ns it is encountered m the wards and out-patient department of alaige 
general hospital, is increasingly accompanied by degenerative changes else- 
where, notably in thesystcmicnndcoronnrynrierinlsy’stems To an even greater 
extent did this set n limit to the number in the second group The intention was 
to restrict it to patients w ith congestn o heart-failure caused, so far as could be 
made out, by emphysema alone This meant the exclusion of all with any addi- 
tional lesion that might ho considered to lmvo contributed to the development 
of hcnrt-fnilurc It became clear in time, as others hnd previously observed 
(White and Brenner, 101*1 , Parkinson and Hoylo, 1037), that the pure syndrome 
of emphy scum heart-failure is rare Tho group as now considered, therefore, 
consists of patients in whom emphysema appeared to bo tho direct cause of 
henrt-fniluro, and m w horn it w ns unlikely thnt coexisting hypertension or athero- 
sclerosis would by itself ha\o caused hcart-faduro Twelve such patients were 
n\ ndalile for in\ csligntion o\ cr a period of two years All the 37 cases of emphy- 
sema in tho whole senes conformed to tho diagnostic criteria of Christie (1934, 
1944), tho ultimate diagnosis m each caso being based on the spirometric pattern 
of breathing By the same standards, emphysema was excluded m the controls 
There w as o\ cry' indication in all thoso with heart-failure that emphysema pre- 
ceded failure by a long penod of time A fourth group of 40 patients with rheu- 
matic heart discaso with congestive failure, investigated at the same tune, will 
bo reforred to briefly by vny of comparison 

Methods 

The respiratory pattern (including vital capaoity, complements] am, and re- 
serve am) of cadi subject was registered with aMcKendnck recording spirometer 
(Chnstio, 1934, Command, Richards, and Darling, 1939) During this and 
other technical procedures to be mentioned the patient was supported m the 
position of 45 degrees recumbency Venous pressure was recorded dnvctJy 
(Moritz and von Tnbora, 1909) from an antecubital vein with the arm abducted 
to 45 degrees The zero reference level used was the horizontal plane passing 
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through the sternal angle (Lewis, 1930) After the vein had been punctured, 
not less than 15 minutes were allowed to pass before the pressure was recorded 
Subsequently, the abdomen was pressed firmly with the palm of the hand and 
any change m brachial venous pressure noted (Winsor and Burch, 1946) With- 
out removing the needle from the vein, arm to tongue time was recorded with 
dechohn (Wmtemitz, Deutsch, and Brull, 1931), and arm to lung time with 
ether (Hitzig, 1933) The quantity and dilution of each drug conformed to the 
optimum demanded by Buskin and Rockwell (1945) Care was taken m explain- 
ing to the patient his or her role in the performance of these tests Circulation 
t im es were measured from the moment when half the injection had been given 
The first reading of both dechohn and ether times was discarded, irrespective of 
what was thought of its accuracy, and a second determination made 24 hours 
later All observations of venous pressure and circulation times were made 
between 10 a m and noon, never less than two hours after a meal, and at a time 
sufficiently remote from the patient’s exeroise with the spirometer to prevent 
any interference from that experience Each patient was investigated m this 
way on one or more occasions during a smgle period m which he or she was 
under hospital care Many were known of old and had previously been investi- 
gated m the same way, but observations made outside the period of planned 
investigation are excluded from the statistical analysis In the emphysema 
group 36 observations were made m each test category, in the emphysema heart- 
failure group there wore 27, and in the control group 40 The age and sex dis- 
tribution m each group was sufficiently similar to preclude any variations from 
this cause m circulation time (Blumgart, 1931 , Tarr, Oppenheimer, and 
Sager, 1933) or venous pressure (Winsor and Burch, 1946, Wiggers, 1947) 

Results 

Relevant statistics calculated from the frequency distribution of segmental 
circulation times and brachial venous pressures m each of the three groups 
(controls, emphysema, and emphysema heart-failure) are given m Table I 
Comparison of the emphysema group with the controls (Table II) revealed 
significant differences as follows In those with emphysema, arm to tongue time 
was less, lung to tongue time was less, and brachial venous pressure was greater 
than m the controls By the conventional standard of significance (which is a 
' a ' u0 of P = 0 05, or a difference between means which is twice the standard 
error) arm to lung time did not differ significantly m the two In no individual 
of either group did manual compression of the abdomen cause brachial venous 
pressure to alter appreciably Within the trivial range observed (—3 to +2 mm 
of blood) the direction of change was erratic m both groups Among those 
patients classified a3 having uncomplicated emphj sema, in seven subcutaneous 
oedema of mild or moderate degree was present The occurrence of oedema was 
not apparently correlated with the level of brachial venous pressure nor with 
the duration of cither of the circulation times 
In those with cmphjsema and congestive heart-failure (Table IT) arm to 
tongue and arm to lung tunes were, as would be expected, greater than m those 
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'V th unconvpllcatcd om P Il 3 Bcmn, and greater than m the normal controls 
' enous pressure was hkowiso higher, whereas lung to tongue time (by the same 
minimal standard as before) was not significantly different from that m the 
controls, but w ns greater than in those with uncomplicated emphysema, h 
every patient classified ns having omphysema heart-failure, abdominal com- 


Table I 

Circulation Times and Brachial Venous Pressure in Controls, Uncomplicated 
Emphysema, and Emphysema with Congestive Heart-Failure 



Arm to 
tongue time 
(seconds) 

Arm to Lung to 

lung time tongue time 
(seconds) (seconds) 

Controls 

Brachial 
venous 
pressure, 
mm blood 
above sternal 
angle 

Change in 
brachial venous 
pressure caused 
by compression 
of abdomen, 
mm blood 

Mean 

12 01 

4 72 

7 30 

17 45 


Range 

Standard 

8 2 to 14 C 

3 0 to 0 0 

3 0 to 0 9 

3 to 40 

-3 to 4-2 

donation 
Standard error of 

1 CO 

1 10 

1 78 

0 41 


nit an . 

0 25 

010 0 28 

Uncomplicated emphysema 

1 40 


Mean 

10 44 

5 00 

5 35 

BO 70 

~1 

• 

Range 

Standard 
delation 
Standard error of 

7 3 to 14 0 

3 7 to 7 5 

2 0 to 8 1 

22 to 135 

-3 to 4-2 

1 38 

0 07 

1 35 

27 51 


mean . . 

0 23 

017 

0 23 

4 7 2 



Emphysema heart failure 


Mean 

10 42 

12 43 

0 83 

123 13 

4-70 00 

Rnngo 

Standard 

11 0 to 35 2 

4 0 to 20 3 

4 0 to 10 5 

16 to 300 

4-10 to 4 - 1 G 0 

do% mtion 
Standard error of 

G 02 

4 05 

2 70 

89 18 

45 08 

mean 

1 15 

0 05 

0 54 

18 20 

9 40 


pression caused an increase in brachial venous pressure (Table I) This increase 
w as so pronounced ns novor to be cquivooal It became less as the patient re- 
covered, but the smallest increase recorded during the period of observation 
exceeded tlio maximum obtained in either of the other two groups 

When admitted to hospital all patients with emphysema heart-failure had 
cj anosis and oedoma of varying degree All were dyspnoeio at rest, but only 
ono w as orthopnooio He was a patient known to us previously whoBe disability 
had appeared to bo determined by emphysema although he was also hyper- 
tensive Two other patients became orthopnoeio subsequently, with the de- 
velopment of left vontnoular failure from which they died. These will again be 
referred to presently Seven of the 12 patients died during the stay m hospital, 
four within 24 hours of admission One patient, after improving for a time, 
developed acute left ventnoular failure after coronary thrombosis and died two 
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hours later The nght heart-failure of another developed into a progressive 
failure of the whole heart associated with an insidiously advancing pneumonia 
Records of circulation times and venous pressures in the phase of superadded 
left ventricular failure are included in the records (Tables I and H) Both these 
instances will tend to vitiate the characteristic features of cor pulmonale, as will 

Table n 


Difference between Mean Values t n 



(a) 

Controls 

Controls and 

Emphysema 

Emphysema 

Standard 
error of 
Difference difference 

t 

P 

Arm to tongue tune 
(seconds) 

12 01 

10 44 

1 57 

0 338 

4 646 

<0 001 

Arm to lung time 
(seconds) 

4 72 

5 09 

0 37 

0 260 

1 480 

>01 

Lung to tongue time 
(seconds) 

7 30 

6 36 

1 96 

0 362 

6 387 

<0 001 

Brachinl venous 

pressure (mm. 

blood) 

17 46 

66 76 

39 31 

4 870 

8 031 

<0 001 

(6) Controls and Emphysema Heart-Failure 

Emphysema Standard 

heart- error of 

Controls failure Difference difference 

t 

p 

Arm to tongue time 
(seconds) 

12 01 

19 42 

7 41 

1 173 

6 319 

<0 001 

Arm to lung time 
(seconds) 

4 72 

12 43 

7 71 

0 968 

7 956 

<0 001 

Lung to tongue tune 
(seconds) 

7 30 

6 83 

0 47 

0 589 

0 798 

>04 

Brachial venous 

pressure (mm 

blood) 

17 45 

123 13 

105 68 

18 300 

6 776 

<0 001 

(c) Uncomplicated Emphysema and Emphysema Heart-Failure 


Arm to tonguo timo 

Emphysema 

heart- 

Emphysema failure 

Difference 

Standard 
error of 
difference 

t 

p 

(seconds) 

10 44 

19 42 

8 98 

1 170 

7 676 

<0 001 

Arm to lung tuno 
(seconds) 

6 09 

12 43 

7 34 

0 904 

7 614 

<0 001 

Lung to tongue time 
(seconds) 

6 35 

0 83 

1 48 

0 605 

2 619 

<0 02 

Brachial venous 

pressure (mm 

blood) 

60 70 

123 13 

06 39 

18 810 

3 619 

<0 001 

bo shown Fivo patients died from progression of their initial heart-failure 


which preserved its nght ventricular pattern to the end 

When the distribution of lung to tongue times in each of the three groups is 
represented by a frequency diagram it is obvious that uncomplicated emphysema 
and omphysema with heart-failure have a common mode which is less than that 
of the controls, and that three values of the variate (11 0, 13 1, and 115 seconds) 
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1,0 0,,tmdo tho otlionvjfio aymmctricnl curves Two of these aberrant values 
dom o from the patients nlrendj referred to ns linx ing supemdded failure of the 
left heart nt tho time when the obscrxntions were mado, the third is from the 
patient who was orthopnocic wlion admitted nnd was prexuously known to be 
hypertensive If tho three values m question arc excluded from the statistical 


Tam,f m 

Circulation Timex am! Brachial Venous Pressure in Rheumatic Heart-Failure 



Arm to tongue 

Inn to lung 

Dung to tongue 

Brachial venous 
pressure (mm 
blood above 


time (seconds) 

time (seconds) 

time ( seconds ) 

sternal angle) 

Moan 

39 27 

20 10 

10 10 

nn ns 

Stnmlunl 

dexmtion 

22 03 

13 3S 

14 OS 

(52 33 

Standard orror 

of irxnn 

1 00 

2 40 

2C3 

0 40 


calculation, tho lung to tonguo time of emphysema heart-failure no longer differs 
significant^ from that of uncomplicated emphysema, nt the same time it 
becomes significantly less than in tho controls Tho implications of this may 
well be tlmt when heart-failure develops purely m consequence of emphysema 
there is no change in tho original lung to tongue time, nnd that in the presence 
of emphysema, cron after it has caused heart-failure, the pulmonary circulation 
is faster thnn it is m health In contrast (Table III), arm to tongue time is often 
tw ice ns long in heart-failure duo to rheumatic heart disenso as it is m the heart- 
failure of cmphxsemn, notwithstanding that peripheral venous pressure is 
equally rawed m both In rhoumatic heart-failure also prolongation of circula- 
tion timo is gross in both arm to lung and lung to tongue fractions, the greater 
prolongation occurring over one or other parts of tho circulation respectively as 
the failure is dominnntly of the right or left sido of tho heart (Pishberg, Hitzig, 
nnd lung, 1 032) In emphysema heart-failure only arm to lung time is prolonged 
box ond normal x nines, nnd oven so it is scarcely more thnn half the correspond- 
ing timo in rheumatic heart-failure 

Discussion 

When mtrnplournl pressure is raised artificially, as m the Valsalva, experiment 
or in positive pressure breathing, auricular pressure is increased by a greater 
amount than is tho pressure m tho perqiheral vems (Holt, 1942 , Richards, 194o , 
Carr nnd Essex, 1940), cardino output falls as the venous pressure gradient 
becomes less (Command, 1947) At the same timo the rate of blood-flow m tho 
peripheral xenous pathway must be retarded (Starling, 1920, Elumgart, 1931) 
nnd the corresponding circulation time prolonged In emphysema, although the 
intrapleural pressure is uniformly raised (Kountz, Pearson, and Koenig, 1932), 
tho arm to tonguo time is faster than m health at the same tame as the peripheral 
venous pressure is increased Cardiao output also is high (MoMIohael, 1946) 
The raised intrapleural pressure of emphysema cannot therefore be the sole 
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cause of the venous hypertension that occurs m this disease Notwithstanding 
the complexity of the vascular system, the circulation of blood conforms to 
physical laws (Wiggers, 1940 , Eishbeorg, 1944), from which it can be argued that 
in emphysema the combination of raised pressure and unretarded blood-flow 
in the peripheral veins necessarily implies a diminished (syBtemio) artenolo- 
capillary resistance and a reduced capacity of the venous channels concerned 
Corresponding changes in the dynamics of blood-flow can be produced by experi- 
mental anoxia (Lennox and Gibb, 1932 , Kountz and Alexander, 1934) It is 
probable that m emphysema these changes are also conditioned by oxygen laok 
and not direotly by structural changes in the lungs The ohanges in oiroulatory 
dynamics m heart-failure due to emphysema are superimposed on a high venous 
pressure and a fast rate of blood-flow Slowing of the oiroulation is inevitable 
in congestive heart-failure from any cause (Fishberg, Hitzig, and King, 1932), 
but slowing is relative to its velocity before the heart failed. If therefore m the 
course of emphysema the arm to lung (and, consequently, arm to tongue) time 
becomes recognizably prolonged, then m the absence of other obvious cause, the 
heart is failing although the circulation tames may stall be within normal limits 
In this event the existence of relatively prolonged circulation times can be 
appreciated only by comparison of serial records 

A significant prolongation of arm to lung and arm to tongue times was demon- 
strated in every patient m the group with emphysema heart-failure (Table I) 
In all but three this was apparent at the first examination because the circula- 
tion tunes exceeded the corresponding ma ximum recorded m the controls The 
three exceptions occurred in patients whose circulation times had been recorded 
from time to time during the previous 18 months In these patients, with the 
advent of failure the increase m both arm to lung and arm to tongue times was 
obvious relative to previously recorded values In all, moreover, who recovered 
from heart-failure or improved for a time, the same circulation tunes decreased 
m proportion Among those with emphysema were seven patients having peri- 
pheral oedema at the tune of admission to hospital. In none of these nor in any 
of the 18 without oedema did the various segmental circulation times exceed the 
corresponding values recorded in the controls By ordinary cbm cal standards 
those having oedema might have been diagnosed as having cor pulmonale. 
Serial observations in all, however, failed to reveal an increase in either arm to 
lung or arm to tongue circulation tunes coincident with aggravation of symp- 
toms, or the occurrence or progression of oedema One or more previous records 
of circulation times for each patient was available for comparison As the cluneal 
condition improved and the oedema disappeared the circulation tunes did not 
diminish as would be expected if the patients had had congestive heart-failure 
On the contrary, of seven patients who unproved, m four circulation times in- 
creased, while in three the variation was not significant The usual cause of the 
deterioration in health which brings the emphysematous patient to hospital is 
an exacerbation of bronchitis This applies whether heart-failure is present or 
not Tho tentative interpretation of the lengthening circulation times during 
recovery is that tho addition of an acute respiratory illness impairs still further 
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tho respiratory capaoity of the emphysematous lungs and so necessitates a faster 
circulation of blood in tho attempt to preserve tho previous oxygen availability 
to tho tissues Statistically', peripheral venous pressure in emphysema heart- 
failure is greater than m uncomplicated emphysema, but in the individual it 
may' not bo so Honco, although a rising vonous pressure is an invariable accom- 
paniment of congestive heart-failure (Lewis, 1030 , Fishborg, 1944) a pressure in 
excess of normal lacks any significance m the emphysematous patient unless it 
nlso exceeds tho range of raised pressure duo to emphysema alone In the 
advanced stages of emphysema heart-failure it probably always does , in the 
early' etngo it commonly does not 

It has long been laiown that manual compression of the engorged liver in the 
patient with congestive heart-failure causes visiblo distension of tho neok veins 
(Pasteur, 1885, Randot, 1898) Moro recently' it has been shown that in the 
presence of right ventricular fniluro, compression of the liver (Hitzig, 1942), the 
right upper quadrant of tho abdomen or, in fact, any part of the abdomen 
(Winsor and Burcli, 1940) produces an moreaso in brachial venous pressure In 
normal subjects tho same compression causes tho pressure to fall slightly or 
produces no cliango (Winsor and Burch, 1946) This test was apphed to every 
subject included m tho present investigation In the controls and in all patients 
otherwiso diagnosed as having uncomplicated emphysema, abdominal com- 
pression did not causo appreciable change in brachial venous pressure (Table I) 
This included the sovon pationts who were considered not to hove heart-failure 
because thoir circulation times were not prolonged, notwithstanding that they 
had obvious oedomn In all classified as having emphysema heart-failure by 
other standards, brachial venous pressure roso abruptly when the abdomen was 
compressod The implication is that a positive venous pressure response of 
this kind is a valuablo sign of right heart-failure, when tho mere recording of 
peripheral vonous pressure or the inspection of nock vems may be misleading 
Conversely', tho absence of this response, so long as there is no unrelated obstruc- 
ts o lesion in tho venous pathway concerned, excludes the presence of right 
heart-failure Tho qualitative difference between the permanently raised venous 
pressure of emphysema and that of right heart-failure means that they depend 
on different mechanisms From the previous consideration of those pressures it 
follows that whereas in emphysema the increase in venous pressure is actively 
determined (as by' venoconstnction), in right heart-failure part at least of tho 
moreaso in pressure is a passive Bequel to a raised auricular pressure The passive 
pressure phenomenon has its equivalent in a retarded blood-flow, the active in 
an accelerated flow Mindful of the declining popularity of the theory of back- 
ward pressure (McMichael, 1938, 1946, Starr, Jeffers, and Meade, 1943, Warren 
and Stead, 1944) it is realized that active compensatory changes do occur to 
alter tho dynamic quality of the circulation in heart-failure and that one effect 
of these will be to submerge the morement of pressure that has been produced 
as inchoated The presumption is that the amount by which brachial venous 
pressure increases when the abdomen is compressed reflects the morement o 
pressure that is passively determined 
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The vital capacity in severe emphysema is reduced to a degree comparable to 
that m congestive failure caused by rheumatic or hypertensive heart disease and 
the symptom of effort dyspnoea is equally prominent The emphysematous 
patient, however, is not orthopnoeic and rarely becomes so m heart-failure, 
which, occurr ing as a direct consequence of emphysema, is selectively or domi- 
nantly failure of the right ventricle (Kountz, Alexander, and Prinzmetal, 1936) 
and the further reduction in vital capacity that accompanies it is small Crepita- 
tions or moist sounds can he heard over the lungs of many emphysematous 
patients with heart-failure, including some who recover These signs are usually 
attributed to failure of the left heart The lung to tongue time of these patients 
is not prolonged , more commonly it is less than in the controls In left ventri- 
cular failure from recognized causes, lung to tongue time is invariably prolonged 
(Eishberg, Hitzig, and King, 1932, Plotz, 1939) and vital capacity reduced 
(Blumgart, 1931), both greatly Left ventricular failure did supervene on the 
typical heart-failure of emphysema m two of the patients included m the present 
investigation They both died soon afterwards, but in the interval they became 
orthopnoeio and their lung to tongue times increased from 6 4 and 6 6 to 16 6 
and 110 seconds respectively No attempt was made to record vital capacity 
m this ultimate phase, but in neither case did it appreciably exceed tidal air 
The further failure of the heart in one patient followed massive myocardial 
infarction The other had a terminal pneumonia, and post-mortem examination 
revealed that he had coronary arterial disease as well A third probably had 
failure of the whole heart from the beginning , he also was hypertensive This 
was the only one of these patients who was orthopnoeic when admitted to 
hospital, and the only one who had aunoular fibrillation TTis lung to tongue 
time was 13 1 seconds (the mean for all patients with emphysema heart-failure 
was 6 8 seconds) and his vital capacity 20 per cent of its calculated normal 
value All three had crepitations, presumably caused by left ventricular failure, 
but other emphysematous patients with selective right heart-failure had equally 
pronounced crepitations certainly not caused m the same way Ordinarily 
orthopnoea which correlates with a prolonged lung to tongue time is an mdex 
of left heart-failure It probably has the same significance when it occurs with 
emphysema, irrespective of whether or not right heart-failure exists at the same 
tune In either case the heart-failure is unlikely to be caused by emphysema 
alone 


Summary 

1 Thirty-seven patients with pulmonary emphysema, including 12 with con- 
gestive heart-failure, have been investigated with special reference to cnculation 
time and peripheral venous pressure , corresponding records were made m 40 
healthy controls of comparable age 

2 In the presence of uncomplicated emphysema, lung to tongue and arm to 
tongue times voro significantly less than m the controls and venous pressure 
was higher Arm to lung time did not differ significantly in the two groups 

3 Irrespective of cause, congestive heart-failure implies a retardation of 
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blood-flow, and tho hcart-failuro of omphysoma is no exception Arm to lung 
and arm to tonguo times wore invariably prolonged rolativo to what these were 
in tlio emphysematous patient before the heart failed Statistically, the 
corresponding circulation times exceeded thoso of tho healthy controls, but in 
tho individual pationt this was not necessarily so Prolonged circulation times 
could then bo recognized only by a comparison of serial records 

4 Peripheral venous pressure was, statistically, higher in emphysema heart- 
failuro than in emphysema not so complicated, but an isolated brachial venous 
pressure, though obviously raised, could not bo presumed necessarily to differen 
tiat-o between the two Tho increased brachial venous pressure of heart-failure 
may, how over, ho distinguished tho further mcreaso that can be caused by 
pressure on tho abdomen w lth tho hand 

5 Thcso observations are discussed in their relevance to tho diagnosis of 
heart-failure superv oning on emphysema 

G A prolonged lung to tonguo circulation time is ordinarily an index of left 
hcart-failuro Wo have found nothing to suggest that its significance is different 
in tho heart-failure of emphysema It may, additionally, imply that the heart- 
failure is not caused by emphysema alone 

It is a pleasure to express my appreciation of Dr A Rae Gilchrist's encourage- 
ment to study the patients under his care and to acknowledge my indebtedness 
to Ins stimulating teaching I wish to thank Professor W Melville Amott for 
his helpful criticism and Dr P E Brown for his part in checking the accuracy 
of tho statistical tables 
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W ILLIAM OSLER 

By ROBERT HUTCHISON 

Ik this the centenary year of Osier’s birth, the Editors thought it proper that 
some appreciation of him should appear in the journal of "which he "was the 
principal founder They were kind enough to ask me to write it, and I readily 
agreed, all the more as I am now the sole survivor of the group who, under 
Osier’s leadership, brought both the Association of Physicians and the Qudrterly 
Journal into bemg I am acutely conscious, however, that it is difficult to say 
anything new about Osier in view of Harvey Cushing's monumental biography 
and the many tributes that appeared on the occasion of his seventieth birthday, 
at his death m 1919, and again quite recently on the occurrence of the centenary 
of his birth All I can hope to do is to give some personal impressions which may 
at least be of interest to a generation to whom he has become an almost legendary 
figure and who know him so to speak at second-hand, by what he did and wrote 
and not by what he was 

I first saw him m 1897 on the occasion of the British Medical Association 
meeting at Montreal. It was the year of Queen Victoria’s Diamond Jubilee 
when imperialism of the Kiplmg sort was at its height, and it was the first time 
the Association had met in one of the Dominions In Montreal, of course. Osier 
was on his native heath and undoubtedly, though not the President, he was 
the most prominent figure of the gathering He gave the Address in Mediome, 
and, suitably to the occasion, took ‘British Medicine m Greater Britain’ as his 
subject In the course of it, I remember, he described himself with great truth 
as ‘ a man whose affiliations are wide and his sympathies deep ’ After the meet- 
ing I travelled with John Thomson through some of the eastern states and m 
due course we came to Baltimore We took rooms at an hotel and at once pro- 
ceeded to call upon Osier We found him lying on a sofa dictating to a steno- 
grapher, but ho immediately put his work aside and with characteristic 
hospitality insisted on our giving up our rooms and co min g to stay at his 
houso This we did for two or three days and it was then that I first got to 
know him and was able to see something of his teaching and practice in ward 
rounds at the Johns Hopkins Eor the nest four years I saw him fairly often 
on lus almost annual visits to this country and was struck, as was everyone 
who had once mot him, by his wonderful memory for faces and names and by 
the real interest ho took m whatever one might be doing After 1904, when he 
camo to Oxford as Regius, our association became closer It happened about 
this time that the idea was mooted — I think it originated with Archibald 
Garrod — of starting a now journal to be devoted solely to medicine in the strict 
scnso and designed especially for physicians There were some who were rather 
critical, holding that there were already too many journals m existence and that 

[QJXL ScrlM Xo 72) XJ 
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a now ono might rob thorn of material Osier, however, was enthusiastically in 
favour of tho project and n committee was formed to carry it into effect The 
mombors More Homnglmm, Halo White, Garrod, Rose Bradford, Rolleston, 
and myself, with Oslor ns Chairman Douglas Pom ell, then PROP, attended 
sometimes in nn official capacity, but w'as not a regular member It was difficult 
at first to find a name for tho journal ns so many suitablo ones had already been 
pro-ompted, but ovontunlly someone, I forgot now u ho, put forward the present 
titlo, which was at onco adopted It was at ono of our meetings that Osier 
suggested that it would bo n good thing to start an Association of Physicians in 
this country ns ho had boon impressed by' the benefits of such a body r m America 
Characteristically, ho urged it more ns a means of physicians getting to know 
ono another than ns nn aid to tho pooling of knowledge and evpenenco, though 
ho by no means belittled that function either Tho suggestion was agreed to 
unanimously, and it was decided that tho joumnl should be tho organ of the 
Assooiat ion, and tho committeo tlion dovoted itself to drawing up a constitution 
nnd rules for tho now' body', and both it and tho Journal came into existence in 
1007, Osier being undoubtedly' tho chief midwife of tho twin birth He was 
also ono of tho Editors of tho Journal from tho start till ins death, his colleagues 
being Bradford, Garrod, Rolleston, Halo White, nnd myself, and he contributed 
to tho oarlicr numbers papers on such subjects as ochronosis, multiple hereditary 
telangiectases, nnd mfcotivo endocarditis 

Tho nbovo account by' an oyewitness of Osier’s activity in starting the Associa- 
tion of Physicians and tho Quarterly Journal may' bo of interest to the younger 
generation, but it is difficult to convoy any idea of his personal fascination to 
thoso who novor met him Wido humanity', sympathy, and a total absence of 
what is called ‘sido’ havo often been mentioned ns the clnef elements m his 
charm and about these nnd his habitual good humour there can be no doubt 
I was interested to read, howovor, m a recent appreciation by Charles Singer, 1 
that ho considorcd that Osier was fundamentally melancholy, and I often had 
tho same impression my'solf, m spite of his habitual gaiety Singer speculates 
ns to tho possibility of an early and unknown sorrow to account for this, but 
in a lifo so well documented as Osier’s this is unlikely, indeed, until the 
tragedy of his son’s death, ho seems, like Mead, to have lived always ‘in the 
full sunshino of life’ It is more probable that a nature so sensitive as his 
could not escape from the sense of tears m mortal things and that his ears were 
always open to tho ‘sad, still musio of humanity’ His drooping moustaohe 
and down-turned corners of the mouth also imported a look of sadness to Ins 
face whon in roposo which may have been deceptive 

During all his time at Oxford Osier had Clifford Allbutt as bis ‘opposite 
number’ at Cambridge— bis ‘brother Reggie’ as Osier used to like to call him, 
sometimes rather to Allbutt’s annoyance I have often thought that it would 
have been interesting to have had parallel lives of the two in the manner ot 
Plutarch They had muoh in common, but in some ways were striking y 
different Both were consummate clinicians and, in addition, men o wi e 
1 Brit Med Joum (1949), 2, 46 
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learning and classical culture, though there were some who thought Allbutt 
the better scholar Allbutt was essentially aristocratic with the air and aspeot, 
it has been said, of an ambassador , Osier, as became his Canadian origin, was 
a true democrat Allbutt was dignified and rather reserved, Osier free and 
easy, forthco min g and effusive But why pursue the comparison ? Both were 
very great men and this country was peculiarly fortunate in having them to 
represent medicine at the two older universities m the early years of this 
century 

It has often been said that Osier had no enemy, and that is true , nobody 
could feel hostile to one so essentially friendly None the less there were a few 
who, oddly enough, did not feel altogether at ease with him I know that two 
of the little band who helped him m founding the Journal confessed, with 
regret, to such a feeling It is impossible to account for this There were cer- 
tainly some who thought Osier almost ‘too good to be true’, and that such 
universal friendliness could not always be sincere, but m this I am sure they 
were unjust There were others, again, who did not always appreciate his 
particular brand of humour — impish, whimsical, even Rabelaisian at times, and 
with a tendency to show itself in practical jokes I have even heard it said that 
his disposition was almost too sweet and that a dash of cynicism would have 
improved it On the other hand, it may well have been that the few who found 
Osier antipathetic were simply, as the young people say now, ‘not of the same 
wave-length’ with him, certainly, to use another chohd of the moment, he 
could not have been ‘allergic’ to anyone Be all this as it may, to the great 
multitude of his friends and admirers on both sides of the Atlantic he was, 
indeed, the beloved physician, and as members of our calling tend to become 
more and more merely expert technicians it is improbable that we shall look 
upon his like again in another century 
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IDIOPATHIC THROMBOCYTOPENIC PURPURA 1 

By H N ROBSON 

(From the Department of Medicine, University of Edinburgh) 

The precise nature of the defect underlying the bleeding tendency m idiopathic 
thrombocytopenic purpura is still imperfectly understood It is now well 
established that the circulating platelets are reduced in number, an observation 
first made by Krauss (1883) and later by Denys (1887) Splenectomy, originally 
advocated by Kamelson in 1916, results in amelioration, suggesting that the 
spleen may either destroy platelets or inhibit their production The theory of 
excessive destruction of platelets by the spleen and reticulo-endothehal system 
has many adherents (Wiseman, Doan, and Wilson, 1940) On the other hand, 
the idea that platelet formation is inhibited by an abnormal product of the 
spleen released into the blood is also favoured Following the description of 
the origin of platelets from megakaryocytes (Wright, 1906, 1910), Frank 
suggested in 1916 that there was reduced platelet production from the mega- 
karyocytes and later (1926) attributed this to the influence of the spleen 
Apparent support to this view has been provided by reports that extracts of 
spleen from cases of idiopathic tliromboeytopemc purpura caused reduction m 
platelet counts m the experimental animal (Troland and Lee, 1938) The pro- 
duction by the spleen of an inhibitor substance producing maturation arrest 
of megakaryocytes has been postulated again recently (Lunarzi and Schleicher, 
1940 , Dameshek and Miller, 1940 , Valentine, 1947 , Diggs and Hewlett, 1948) 
There is, however, divergence of opinion on the evidence of such a maturation 
arrest, as adduced from cytological studies of megakaryocytes m the hone- 
marrow (Lawrence and Knutti, 1934, Wiseman, Doan, and Wilson, 1940) 
Tho basis of a further theory of the aetiology of ldiopathio thrombocytopenic 
purpura is that the capillary endothelium is defective It has been suggested 
that excessive numbers of platelets are used up m plugging breaches in capillary 
walls (Tidy, 1926, Mackay, 1930) Macfarlane (1941) supported tho concept of 
a defective capillary endothelium He observed by microscopy that the capilla- 
ries in this condition were distorted and failed to contraot properly when 
ruptured In the hope of obtaining more precise evidence on the mechanism 
of bleeding m idiopathic thrombocytopenic purpura, it was decided to study 
tho offeots of splenectomy on the bleeding tune, platelet count, and capillary 
resistance, and on the morphological characters of the megakaryocytes m the 
hone-marrow 

Material 

The subjects of the present study were patients undergoing treatment for 
idiopathic tliromboeytopemc purpura in the Royal Infirmary and Western 

1 Iteconed April 30, 1049 
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Gonoml Hospital, Edinburgh In addition, a numbor of patients suffering fixim 
oilier conditions xvero studied in order to control various aspects of the investiga- 
tion Tlio patients wore classified m four groups, oa follows 

Group 1 Cases of idiopathic thrombocytopenic purpura treated by splenectomy 
This group comprised 10 coses, all presenting the clinical and haematologica] 
features -which are considered diagnostic One patient had a normal bleeding 
time and capillary resistance before operation, but all other features conformed, 
and tho response to splenectomy was typical 

Group 2, Cases of splenectomy for conditions other than idiopathic thrombo- 
cytopenic purpura Fourteen cases in this group -were further classified into 
three sub-groups as explained later 

Group 3 Cases undergoing operations other than splenectomy Sevon patients 
" ore studied, nono of \\ horn were annonuc or suffering from disease likely to 
causo hnomatological abnormalities One patient underwent tuo operations 
during tho poriod of study 

Group 4 Cases of secondary purpura, not undergoing splenectomy The bone- 
marrow w ns examined in threo cases, where the thrombocytopenia was dne 
to known toxic agents 

Tho ago and sox of tho patients and details of diagnosis are given in Table I 
Platelet counts and measurements of bleeding time and capillary resistance 
were earned out before, dunng, and after operation In tho cases of idiopathic 
thrombocytopenic purpura, long-term follow -up studies were made The mega- 
karyocytes m bone-mnrrow obtained by sternal puncture were studied before 
and after operation Table I indicates which of these studies were earned out 
m each case, and thus tho ongin of tho data presented 


Methods 

Peripheral platelet counts were dono by tho direct method in a counting 
chamber, tho blood from a finger-pnek being drawn into a red-cell pipette and 
diluted with 3 8 por cent sodium citrate solution Tho normal platelet count 
bv this method ranges in our hands from 200,000 to 400,000 per o mm 
Capillary resistance was estimated by the negative pressure method, using 
Scarborough’s (1041) modification of Dalldorf’s method with the da Silva Mello 
instrument The suction cup was applied to three standard areas on tho fore- 
arm, and the negative pressure maintained for 30 sec in each area Normally 
no haomorrhages occur with negative pressures below 250 mm of mercury To 
simplify tho recording of results in tables, the capillary resistance has been 
indicated by a single number, which represents that negative pressure in mm 
of mercury which produced one or two peteohiae in any of the standard areas 
Bleeding lime was estimated by the method of Duke (1915), the normal time 
being from two to five minutes When the bleeding time was veiy prolonged, 
and serial readings in fairly close succession were required, a fresh puncture 
was made, and two or three observations earned out simultaneously 

Sternal puncture was performed according to the technique desenb y 
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Davidson (1941) The films were air-dned and stained with the May-Grunwald- 

Giemsa stain , 

Examination of smears of bane-marrow In each marrow smear 50 mega- 
karyocytes were studied and described in detail as regards certain morphological 

Table I 

- Cases studied tn the Present Investigation showing Data used 

Peripheral blood studies Megakaryo cyte studies 

Before 
operation 


Case 

number 


2 

3 

4 
6 
6 

7 

8 

9 
10 
11 
12 

13 

14 

15 

10 

17 

18 
10 


Sex and 
age 

F 21 

F 25 
F 23 
F 60 
M 7 
F 6 
F 14 
F 29 
F 5 
F 47 
M30 
F 24 
F 10 
F 54 
F 19 
F 23 
F 14 
M 0 
F 32 


Diagnosis 

Idiopathio thrombo- 
cytopenic purpura 


Before, during, and 
after operation 

Group 1 


Follow - 
up 


After 

operation 


+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 


+ 


+ 

+ 




Group 2 



Sub-group 

(<*) 




20 

F 43 Gauoher’a disease 

+ 

+ 


21 

F 0 Splenic vein thrombosis 

+ 


22 

F 10 

+ 

+ 

+ 

23 

M32 Cirrhosis of liver 

+ 


+ 

24 

F 1° 

•T yy yy 


+ 

Sub-group (6) 



+ 

26 

M33 Cirrhosis of liver 

+ 

+ 

20 

F 48 7 Splemo leucopema 

+ 



27 

F 53 Cirrhosis of liver 

+ 

+ 


28 

F 21 Hnomolytio anaemia 

+ 

+ 

20 

F 22 Aplastio anaemia 

+ 

+ 

30 

M19 Cirrhosis of liver 

+ 

+ 

+ 

Sub-group (c) 




31 

F 14 Aplastio anaemia 

F 28 Aloukaomio leukaemia 

+ 

+ 


32 

+ 

+ 

+ 

33 

M 23 Cirrhosis of liver 

+ 

+ 

+ 


34 

35 
30 

37 

38 
30 
40 


41 

42 

43 


F 57 
M50 
M24 
M30 
1154 
F 27 
F 37 

1112 
F 45 
F 01 


Hypernephroma 
Poptio ulcer 
Tuberculous kidney 
Peptic ulcer 
Carcinoma of colon 
Tuberculous kidney 


Group 3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


Sulphonamido toxicity 
Phonolphthnlcin toxicity 
Gold toxicity 


Group 4 


+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 


+ Indicates that tho appropriate study Teas undertaken and tho data used 
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foaturcs "which nro tabulated Inter Platelet formation was accepted ns being 
presont only alien it was reasonably cortain that the appearance was not being 
produced by supcnmposition or juxtaposition of platelets on tlio megakaryocyte 
Each specimen of marrow was examined by two observers working indepen- 
dently and using whenover possiblo different smears from tho same sternal 
puncturo Eacli used tho same nncroscopo throughout, with standard illumina- 
tion In addition, counts of GO cells wore mndo, and classified on a Bimple 
morphological basis, following tho definitions and descriptions used by Damesbel 
and ittiUor (IfllG) 


Results 

Studies of peripheral blood in idiopathic thrombocytopenic purpura Table II 
summarizes tho results of tho peripheral blood Btudies in the patients with 
idiopathic thrombocytopenic purpura Tho results are best desonbed in three 
phases 

1 Before operation the results wero typical of idiopathic thrombocytopenic 
purpura Tho bleeding time was prolonged, tho platelet count low, and the 
capillary resistance diminished 

2 From slm incision to ligation of the splenic pedicle Observations were 
bogun nt tho moment the skin incision w ns made Tho results are in agreement 
with tlioso obtained before operation and show* no gross changes The observa- 
tions were repeated as near ns possible to tho moment when the splemo pedicle 
was ligated At tlus time no evident change had takon place in the capillary 
resistance or plat-olet counts, but in all but two cases a reduction in the bleeding 
time was already nppnront, and in three patients (Cases 5, 13, and 19) it had 
actually fallen to normal lev els 

3 After ligation of the splenic pedicle Repeated observations were made at 
short intervals throughout tho remainder of the operation, at longer interval 
during tho following two days, and thereafter daily until discharge from 
hospital 

Tho following results wore obtained Tho bleeding time continued to fall, 
reaching normal levels in 12 to 100 mm (average 48 min ) from tlio time of the 
initial skin incision Thereafter it continued to fall in every case, reaching a 
vory low lovol (about 1 mm in all but two cases) The lowest level was recorded 
in from a half to 30 hr after the skin incision (average 91 hr ) The capillary 
resistance began to improve, reaching normal levels m 12 to 360 nun (average 
270 min ), and thereafter continued to increase, so that after 1 to 192 hr 
(avorago 01 hr ) a negative pressure of at least 600 mil of mercury was usually 
necessary to produce one or more peteolnae It is appreciated that capillary 
resistance estimations aro subject to many factors of error (Munro, Lazarus, 
and Bell, 1947), but changes of the order here recorded are thought to have 
significance The apparatus employed provided a maximum negative pressure 
of 500 mm of merouiy, and m many cases this was insufficient to produoe 
peteohiae Tho platelet counts altered much more slowly, usually reaohmg 
normal levels within a half to four days Eventually, in all but three oases 


Table II 

Peripheral Blood Observations before, during , and after Splenectomy m cases of Idiopathic Thrombocytopenic Purpura 
[Ob,'nmJn/lZ°m7Jl7n the 7 Says During operation A/fer operation 
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(Cnsos 13, 14, and 15), tho platelet counts roso far above the normal level 
reaching a maximum (axcrngo 800,000 per c mm ) m two to 22 days (average 
11 days). b 

Studies of peripheral blood in patients undergoing splenectomy for conditions 
other than idiopathic thrombocytopenic purpura It is obvious that some of the 
obscrv atione recorded nbo\ o might have resulted from splenectomy under any 
conditions, and do not necessarily indicate behaviour specific to idiopathic 
thrombocytopenic purpura Thirteen patients undergoing splenectomy for 
other conditions were therefore studied in a similar manner Tho results are 
summarised m Table III 

Tho results of platolot counts mnho it possible to divide tho 13 patients into 
tho following sub-groups — four cases in which there was a frank thrombocyto- 
penia before splenectomy, six cases in which pro-operative counts Bhowed a 
moderate or transient tlirombocytopcnm, or were within normal limits, and 
threo cases of thrombocytopenia winch continued after splenectomy In the 
first tw o sub-groups splenectomy w as follow ed by striking increases m platelet 
counts closely resembling those found in the cases of idiopathio thrombocyto- 
penic purpura, and in tho first sub-group tho time that elapsed before normal 
platelet counts wero obtained was of tho samo order (averago two days) as m 
idiopathic thrombocytopenic purpura In tho third sub-group splenectomy 
resulted in vory small increases in platelet counts and normal levels were not 
reached at any time 

At opomtion reduction m bleeding timo had occurred by the tune that the 
splorno pcdiclo was ligated, except in tlireo cases (Cases 23, 20, and 29) In eight 
cases unusually short bleeding times wero subsequently observed The striking 
feature, however, was that tho reduction in bleeding time to its shortest took 
plnco more quickly on tho w holo than m idiopathic thrombooytopemc purpura, 
except m tho cases in which thoro was pronounced pre-operative thrombo- 
cy topema (tho first sub-group) This point is dealt with in the discussion 

In threo of tho 12 patients in whom capillary resistance estimations were 
made it wns diminished before splenectomy, and m these operation resulted 
in improvement In tho remaining rune cases in which the pre-operative 
readings wore within normal limits, tho resistance increased in all, and to very 
high lovols in fivo Tho times taken to develop maximum resistance appeared 
to bo less than those generally observed m the cases of idiopathic thrombo- 
cytopenic purpura except for tho cases in the first sub-group whore there wns 
marked pro-oporative thrombocytopoma 

Studies of peripheral blood inpatients undergoing other operations Theobserva- 
tions recorded above might bo non-specific results of any abdominal operation, 
unrelated to thrombocytopenic purpura or to splenectomy In order to test 
this possibility, comparable studies were earned out on seven patients under- 
going other operations The results ore summarized in Table IV, and show 
consistent reductions in bleeding time, though these are slight in extent because 
tho initial values were normal The capillary resistance became increased to 
high or very high levels as the result of operation in all eases Postoperative 
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nses in platelet counts occurred, but were much smaller than those which 
followed the operation of splenectomy The reductions in bleeding tame and 
the rises m capillary resistance took place rapidly as compared with most of 
the cases of idiopathic thrombocytopenic purpura 

‘Follow-up 1 studies of peripheral blood in idiopathic thrombocytopenic purpura 
after splenectomy In 16 of the 19 cases recorded, observations were made after 
discharge from hospital, at three months after splenectomy, in the majority of 
cases, and again at varying periods from half to 14 years The results are sum- 
marized in Table V Fourteen of the 16 patients had remained clinically well 

Tabue V 

Follow-up BesuUs in Cases of Idiopathic Thrombocytopenic Purpura 

Follow up 


Three months after operation Saematoloffical Clinical 
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110 

Abnormal 

2 

3 


22 

Abnormal 

WoU. 
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without haemorrhagic manifestations, this despite the fact that only six were 
able to show entirely normal results m all three tests — bleeding time, capillary 
resistance, and platelet count It is evident that there had been a considerable 
reversion to haematological abnormality after the dramatic improvement 
immediately after splenectomy Yet a recurrence of bleeding was noted m 
only two of tho 10 cases Of the 1 2 cases tested three months after splenectomy, 
eight already showed one or more abnormal results by the tests, and no evident 
subsequent improvement On the other hand, the normal results achieved by 
tho remaining four cases at the end of three months were thereafter sustained 
Thcso results show that in idiopathic thrombocytopenic purpura an assessment 
of the final effects of splenectomy cannot accurately bo made untd at least 
three months after operation 

Thcso results confirm a previous observation (Bedson, 1922) that there is no 
apparent direct relation between tho level of circulating platelets and tho 
bleeding time Tables II and III shov that striking reduction m bleeding time 
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took place during sploneotomy bofore thoro was any rise in platelet counts 
Again in four of tho cases recorded m Tablo V (Cases 5, 8, 9, and 1G), low platelet 
counts were recorded three months after splonectomy, yot tho bleeding times 
wore -within normal limits Tins suggests that some other factor besides reduced 
circulating platelets lias nn mtlucneo on bleeding m idiopathio thrombocyto- 
penic purpura , this question is considered m tho discussion The results also 
indicate that thoro is no constant relation botwcon platelet counts and capillary 
resistance Marked increase in capillary" resistance was observed during opera- 
tion hoforo any nso in platelet lovcls, and nlso occurred even when the post- 
operative platolot increase was slight (for examplo, tho third sub-group of 
lablo III and tho cases m Tablo IV) Tins dissociation has also been reported 
by Elliot (193S), and Aggclor, Howard, and Lucia (194G) 

Studies of megakaryocytes i n idiopathic thrombocytopenic purpura The re- 
sults of the study of megakaryocyte characteristics before and after splenec 
tomy' m idiopathic tlirornbocy’t-opcnic purpura arc shown in Table VI. The 
figures show the nvorogo percentage incidence of each characteristic in mega- 
karyocytes derived from 14 pre-operativo and 18 post-operative bone-marrow 
examinations m cases of idiopathic thrombooytoponic purpura The results of 
the two obseners nro recorded soparatoly Changes after splenectomy which 
w ere noted by' both observers to a statistically' significant extent (P<0 01) 
wore a marked incrcnso in tho percentage of cells showing platelet formation, 
nn incrcnso in tho porccntago of colls with ‘intermediate’ staining of the cyto- 
plasm, with reduction m both basophiho and eosinophilic forms, and an increase 
in colls having conrso granularity' of tho cytoplasm In addition, both observers 
recorded two further chnngcs, but only one observer’s results were statis- 
tically’ significant, namely, nn increaso in colls with three-Iobed nuclei, with 
correspondingly’ fower showing more olaborato lobulation, and an increase 
of cells having nuclei which w oro small in relation to tho size of the cell There 
wore no consistent or significant alterations m nuoloar Bhape or m the shape 
and size of the cells Tho results of the two observers, both experienced in 
examining bono-marrow smears, differ in several respects This illustrates the 
danger of drawing conclusions from the observations of only one person On 
tho other hand, when both record a statistically significant change, the result 
may r bo accopted wnth a high degree of confidence 

Studies of megakaryocytes »n other conditions Exactly similar studies were 
made of tho megakaryocytes in the bone-marrow of 10 patients before and 
soven after splenectomy for conditions other than idiopathic thrombocytopenic 
purpura (Group 2, Tablo I) These cases fell into three sub-groups as described 
onp 284 Tho salient results only in the first and third sub-groups are shown in 
Table VII In addition the main results are given of similar observations made 
on five patients undergoing abdominal operations other than splenectomy, and 
on three oases of thrombocytopenia due to known toxic agents The numbers 
in each of the categories in this Table are too small for statistical treatment, 
nevertheless there emerge several results, agreed on by both observers Splenec- 
tomy was followed by an increase m platelet formation m the cases of the hrst 
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Table VI 

Megakaryocyte Characteristics m Idiopathic Thrombocytopenic Purpura 
before and after Splenectomy 

Comparison of results of two observers 
Observer 1 (B N R ) Observer 2 (R H.Q ) 



Before 

After 

Before 

After 




Average percentages 


Nuclear shape 





round 

29 

6 8 

4 8 

6 1 

lobular 

83 8 

83 9 

90 0 

87-4 

irrogulor 

13 3 

10 6 

64 

7 6 


P ■= 0 01 (approx.) 

P = >0 2 


Ceil size-* 





largo 

12 9 

11 0 

12 0 

11 6 

medium 

71 8 

73 4 

72 1 

741 

small 

16 3 

16 0 

16 9 

14 4 


P = >0 95 


P = >0 96 


Cell shape 





round 

66 0 

65 9 

06 7 

60 6 

irregular 

46 0 

44 1 

33 3 

39 6 


P = >0 7 


P = 0 01 (approx ) 

Platelet formation 

1 0 

11 2 

0 14 

92 


P =* <0 001 


P = <0 001 


Nucleus cell ratio 





1 3 

65 1 

69 3 

34 9 

63 6 

1 2 

31 0 

31 7 

42 1 

31 1 

2 3 

13 3 

90 

23 0 

16 4 


P =. 0 02 (approx ) 

P = <0 001 


Number of lobes 





1 

80 

86 

10 3 

11 7 

2 

20 3 

20 3 

28 3 

23 1 

3 

21 4 

25 6 

23 9 

314 

4 

18 0 

18 3 

17 7 

18 3 

6 

16 0 

12 4 

11 7 

80 

0 

70 

74 

48 

37 

7 

3 I 

4 1 

23 

00 

8 or moro 

44 

33 

30 

26 


P «= >0 3 


P = c0*05 



Mean number of lobes 

3 73 3 63 

t «= 1 14 

P *=■ 0 25 (approx ) 

Cytoplasm colour 

basophil 

10 4 

7 7 

intermediate 

73 9 

84 6 

eosinophil 

15 7 

P “ <0 001 

78 

Cytoplasm granularity 

ml 

3 0 

1 8 

Blight 

22 0 

17 7 

m odium 

53 1 

5G 8 

coareo 

£0 7 

23 7 


3 35 3 07 

t = 3 30 

P = 0 001 (approx ) 


8 9 

6-1 

74 4 

85 4 

16 7 

P = <0 001 

8 6 

1 1 

22 

17-0 

14 7 

78-0 

74 4 

39 

8 7 


P - 0 01 (approx.) P «=. < 0 001 

Before— 14 smears ■=■ 700 megakaryocytes. 

After — 18 smears “■ 900 roegnknrj'ooytcs 
* largo — creator tlrnn GO f i 
medium — between 28 p and 50 a 
small — leas than 28 /i 

Tlieso diameters were judged bj comparison with tho diamoter of a red cell 
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sub-group where the operation resulted in an increase m circulating platelets 
In the cases in the third sub-group where there was no such increase in platelets, 
the megakaryocytes showed no evidence of platelet formation before operation 
and little or none after No platelet formation was observed in cases of tome 
purpura Both observers agree, though at different levels, that platelet forma- 
tion was more evident in the pre-operative marrows of haematologically normal 
cases undergoing other abdominal operations than it was in the cases of 
idiopathic thrombocytopenic purpura before splenectomy (Table "VI) It is 
therefore shown that, by these standards at least, platelet production in 
untreated idiopathic thrombocytopenic purpura is d i m i n i s hed as compared 
with normal. As in the cases of true idiopathic thrombocytopenic purpura, 
spleneotomy m the first sub-group was followed by an apparent increase m 
cells with coarse granular cytoplasm which showed an intermediate staining 
reaction Both observers are agreed that m cases of thrombocytopenia that 
did not respond to splenectomy, there was a striking post-operative inorease 
m the number of megakaryocytes with eosinophil cytoplasm The possible 
significance of this is intriguing, but is beyond the scope of the present paper 
Splenectomy and other operations in these groups of cases produced no apparent 
change in nuclear shape or lobulation, or in the shape of the cells The figures 
relating to these characters have been omitted from Table VII m the interests 
of brevity 

Morphology of megakaryocytes in idiopathic thrombocytopenic purpura The 
immature megakaryocyte, or megakaryoblast, is a relatively small cell with a 
single round nucleus and scanty basophil cytoplasm The mature cell is large, 
has a multi-lobed nucleus, and abundant granular mtermediate-staimng cyto- 
plasm It has been postulated that m ldiopathio thrombooytopemc purpura 
there is an arrest in the normal maturation of megakaryocytes, an arrest which 
might be released by removal of the spleen If such a hypothesis were correct, 
splenectomy would have been expected to result m many changes m the cell 
characteristics, such as an increase m cell size, increased lobulation of the 
nuclous, and reduction in the numbers of cells with non-granular basophil 
cytoplasm Few of the expected changes were in faot found In order to furnish 
additional evidence the megakaryooytes were examined and classified according 
to descriptions given by Dameshek and Miller (1940) The cases wore grouped 
m the same way as previously described and the results are shown in Table VTTT 
Tlieso figures showed no evidence of an increase m primitive forms (mega- 
karyoblasts and promogakaryocytes) m idiopathic thrombooytopemc purpura 
boforo operation, as compared with the other conditions studied Nor was there 
any consistent evidence that removal of the spleen promoted development from 
immature forms 

The outstanding feature of the present study is that platelet formation has 
been shown to bo much reduced in idiopathic thrombooytopomo purpura as 
compared with normal, and that splenectomy causes a considerable increase 
Furthermore, this increased platelet formation takes place in a megakaryocyto 
population which is little altered morphologically by spleneotomy It is con- 
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sidered that the changes in grantdanty and colour are natural accompaniments 
of platelet formation No evidence has been found m untreated idiopathic 
thrombocytopenic purpura of a maturation arrest of megakaryocytes at a 
primitive stage No attempt has been made in the present study to make 
precise numerical counts of the megakaryocytes, because the accuracy of such 
counts was considered doubtful The impression was that the numbers of 
megakaryocytes in untreated idiopathic thrombocytopenic purpura were either 
normal or increased, which is m agreement with the observations of other 
■writers The conclusion from these morphological studies is that the appearances 
seen in untreated idiopathic thrombocytopenic purpura are consistent with a 
simple failure in platolet formation from an otherwise normal megakaryocyte 
population 


Discussion 

Effects of splenectomy on bleeding These studies show that splenectomy in 
idiopathic thrombocytopenic purpura results consistently m a rapid reduction 
in bleeding time and an increase m capillary resistance, but the changes do not 
indicate a cure of the essential disorder m idiopathic thrombocytopenic purpura, 
since they occur long before the circulating platelets show any important 
increase m numbers, and, moreover, are not a speoifio feature of the disease 
As the data in Table III show, a rapid reduction m bleeding time and increase 
m capillary resistance regularly follows splenectomy for other conditions, 
furthermore, these changos are not even a specific effect of sploneotomy since 
they have been regularly observed after other abdominal operations (Table TV) 
Clearly, in idiopathic thrombocytopenic purpura, the immediate effects of 
splenectomy on bleeding time and capillary resistance are not a primary con- 
sequence of removing the influence of the spleen, since an improvement m the 
bleeding time is usually observed while the operation is aotually m progress, 
at the time of ligation of the splenic pedicle (Tables H and ILL) It appears that 
any abdominal operation has a profound and almost immediate effect on the 
reactions of tho capillaries and their liability to bleed , the anaesthetic, or the 
trauma of tho operation (and the latter seems the more likely), causes an 
morcaso m capillary resistance and a reduction in bleeding time This has 
importance for the purpose of the present paper, namely, to contribute to an 
understanding of tho essential disorder m idiopathic thrombocytopenic purpura, 
because thoro is a striking difference m speed of this general reaction of the 
capillaries to bodily injury m cases with thrombocytopenia, as compared with 
controls Laparotomy for other diseases (Table IV), and for splenectomy in 
cases without pronounced thrombocytopenia (Table HI, the second sub-group) 
results m a fall m bleeding time that reaches its lowest level in a matter of an 
hour or less In idiopathic thrombocytopenic purpura, by contrast, tho fall 
m bleeding time is gradual and docs not usually reach its lowest level untd some 
time later (average 0^ hours from the beginning of the operation) Moreover, 
a bimilnr delay in the fall in bleeding time was also observed m other coses 
wliero an initial pronounced tlirombocjdopcma responded to splenectomy 
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(Tablo HI, tho firstsub-group). At first sight tins phenomenon might be thought • 
to bo duo to the time taken for a sufficient number of circulating platelets to 
appear after removal of the spleen, their nppearanco having the effect of 
rein forcing tho general reaction of tho capillaries to bodily injury Such a 
simple explanation is not justified by the facts, form 10 out of 15 cases (TablesE 
and HI, tho first sub-group), normal jilntelet counts wore not achieved until 
nftor tho bleeding tnno had reached its lowest lord It might be argued that 
every nxnilnblo platelet was being used to maintain the capillaries, so that the 
numbers of circulating platelets continued to bo low, despite an effective 
increase m platelet strongth’ immediately following splenectomy Such an 
explanation appears to bo ruled out by' the observation that tho improvement 
in bleeding tuno was rnpid and transient in cases with low platelet counts which 
did not ultimately respond to splenectomy (Tablo II, Case 15, and Table EH, 
tho t hird sub-group) In such cases tho thrombocytopenia was presumably due 
to causes other than tho infiucnco of tho spleen It therefore appears that the 
mnloiolent influonco of tho splcon m idiopathic thrombocytopenic purpura 
n fleets not only the numbers of circulating platelets, but also inhibits the rapid 
reaction of tho capillaries to bodily injury 

Effects of splenectomy on circulating platelets It is now accepted that splenec 
tomj m idiopathic thrombocy topcmo purpura results in ultimate improvement 
m tho majority of cases The observations hero presented are in agreement 
with this view, but they show' at tho same time certain characteristics of this 
improvement that may help to throw' light on tho fundamental mechanism 
involved A crucial point m tho evidence is tho effect, if any, of splenectomy 
on the production of platelets by the megakaryocytes in the bone-marrow The 
mam conclusions from tho cytoiogicul studies of bone-marrow here reported 
nro that m untreated idiopathic tbrombocytopemo purpura the numbers of 
megakaryocytes are normal or increased with low production of platelets, that 
their cytology shows little cvidcnco of a ‘maturation arrest’ at an early stage, 
that such oytological ohanges as follow splenectomy in granularity and staining 
of tho cytoplasm nro best explained as an expression of impending platelet 
production, and that splenectomy is followed by a pronounced and clear-cut 
increnso in platelet production In the light of this evidence, the various theories 
of the nature of tho disorder in idiopatluc thrombocytopenic purpura which 
wero mentioned in tho introduction can bo considered It has been suggested 
that low platelet counts in idiopathic thrombocytopenic purpura are to be 
explained by excessive destruction of platelets by the spleen. One would then 
expect to find ovidonco of increased platelet formation in the bone-marrow, 
like tho reaction of the bone-marrow in haemolytic anaemia, together with an 
immediate incroaso in circulating platelets after splenectomy The studies of 
bone-marrow here presented have shown, rather, a reduced production of 
platelets m untreated idiopathic tbrombocytopemo purpura It has also been 
shown that after splenectomy the numbers of platelets in circulation do not 
ren cli normal levels for several days It is concluded that the evidence isagams 
the theory of excessive platelet destruction It has been eugges a 
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spleen produces a humoral factor ryhich inhibits platelet production The 
thrombocytopenia characteristic of the disease and the slow return of circulating 
platelets to normal levels after splenectomy are entirely consistent with this 
theory The studies of bone-marrow here reported show that there is a * hold-up ’ 
in the final stage of platelet formation from megakaryocytes It has been 
suggested that defective capillary endothelium is the underlying fault in 
idiopathic thrombocytopenic purpura The present evidence also lends support 
to this theory It was argued earlier in this discussion that m idiopathic 
thrombocytopenic purpura the capillaries do not respond normally to bodily 
injury It therefore appears that m untreated idiopathic thrombocytopenic 
purpura, in addition to reduced numbers of circulating platelets, there is an 
abnormal condition of the capillaries What then, in the light of this evidence, 
is the most probable explanation of the part played by the spleen in idiopathic 
thrombocytopemo purpura ? 

Influence of the spleen in idiopathic thrombocytopenic purpura The mega- 
karyocyte is believed, to develop extravasoul arly (Doan, Cunningham, and 
Sabin, 1926, Sabin, Miller, Snnthbum, Thomas, and Hummel, 1936), and it 
seems likely that the whole or part of the cell has to penetrate the mtersinusoidal 
capillary wall m order to dehver platelets into the blood-stream (Wnght, 1910) 
It has even been suggested that the delivery of platelets from the cytoplasm 
of megakaryocytes depends on the action of plasma on the cytoplasm (Cesans- 
Domel, 1929) Alterations in the state of the capillaries m the bone-marrow 
might therefore affect the delivery of platelets Evidence has here been adduced 
of a capillary defect m idiopathic thrombocytopenic purpura, and it is therefore 
suggested that the platolet deficiency is due to a failure m the delivery of 
platelets from otherwise normal megakaryocytes, because of some alteration 
in the capillary wall which prevents their entry into the blood-stream It is 
postulated that the essential disorder m idiopathic thrombooytopemc purpura 
is the production by the reticulo-endothelial system of some factor liberated 
into the blood which everts its primary influence on the capillaries The factor 
might either be an abnormal product peculiar to idiopathic thrombocytopenic 
purpura, or more likely, an excessive production of some normal internal 
Becrotion of the spleen This latter idea is supported by the ‘non -specific’ rise 
m circulating platelets that follows splenectomy under any conditions (Table HI, 
the second sub-group), m contrast to the absence of any important increase 
after other operations (Table TV) The same factor may be at -work m other 
types of thrombooytopema responding to splenectomy by an increase m 
circulating platelets (Table EH, the first sub-group) The existence of such a 
factor is suggested by the results of work on splenic extracts (Troland and Lee, 
193S , Ungar, 194G) Tho action of this capillary-influencing factor will explain 
the prolonged bleeding time, tho reduced capillary resistance, and the impaired 
delnorj of platelets from the bone-marrou Removal of tho spleen, nliicli 
constitutes a largo part of the reticulo-endothelial system, reduces the output 
of tins factor and alleviates these disorders This hypothesis will explain why 
it 18 that m idiopathic thrombocytopenic purpura after splenectomy platelet 
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counts, bleeding tames, nnd capillary resistance may initially show dramaho 
changes to supra-nomial lovcls, but somo months later are frequently found 
to havo revolted to abnormal lovcls These subsequent abnormalities are 
presumably duo to tho action of the factor liberated by othor parts of the 
roticnlo endothelial system, which may, after a period of months, achieve some 
compensatory inoreaso in production Tho reported beneficial effects of the 
romoval of splemcuh in cases whoro splenectomy has failed (Curtis and Montz, 
HUG), lend support to this contention Tho theory is put forward that splenec- 
tomy can bo a successful Ihompoulic measure because it removes the most 
potent source of this factor Tho success or failure of tho operation depends on 
" bother tho concentration of this factor m tho blood is thereby' reduced below 
the threshold necessary to enuso serious dornngemont of capillary' function 


Summary 

1 Nineteon cases of idiopathic thrombocy'toporuo purpura have been 
imestignted with regard to changes m bleeding time, capillary resistance, and 
platelet counts, bofore, during, nnd after splenectomy' 

Similar observations wore made on a control senes of 13 patients on whom 
splenectomy' was carried out for other conditions, and seven patients under- 
gouig othor abdominal operations Tho megakaryocytes in the bone-marrow 
were studied beforo nnd aftor operation 

2 It has been shown that tho operation of splenectomy m cases of idiopathic 
thrombocytopenic purpura is associated with a sequence of changes m bleeding 
timo, capillary resistance, and platelet counts , tho results of observations on 
tho control groups indicato that theso changes nro brought about initially by 
a non-specific effect of operative interference, followed by' the effect of the 
reinoi al of tho splcon itself 

3 In cases of ldiopatluc tlirombocytoperuc purpura, an assessment of the 
final effects of sploncctomy cannot accurately ho mndo until at least three 


months after opomtion 

•1 No evidence has been found of an increase in primitive forms of mega- 

hary'oey tes in tho bono-marrow in cases ofidiopathicthrombocy'topemapurpura 

Thero is, how over, a diminished formation of platelets, and this is alleviated by 
removal of tho sploon s 

5 It is suggested that tho cause of idiopathic thrombocytopenic purpura 
lies m tho production by the spleon and other reticulo-endothehal tissue, of 
somo factor which alters the state of capillaries and also reduces platelet 
formation from megakaryocytes Removal of the spleen may bring abou 
a complete or partial reversal of theso changes with consequent variation in 
chmcal results 


Gratoful acknowledgement is made to Dr R H Girdwood, of the Department 

of Medicine, University of Edinburgh, who suggested the method of describing 
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counts, bleeding tamos, nnd capillary resistance may initially show dramatic 
changes to supm-nornml lovels, but somo months later are frequently found 
to hnvo reverted to abnormal lovels These subsequent abnormalities are 
presumably duo to tho action of the factor hborated by other parts of the 
roticulo-cndothohnl system, which may, after a period of months, achieve some 
compensatory increnso in production Tho roported beneficial effeots of the 
removal of splcmculi m cases whore sploncotomy has failed (Curtis andMontz, 
lfi tO), lond support to this contention Tho theory is put forward that splenec 
to my can bo a successful thorapoutio measure bocauso it removes the most 
potent source of this factor Tho success or failuro of the operation depends on 
m hot her tho concentration of this factor m tho blood is thoroby reduced below 
tho threshold nccessnry to causo serious dorangemont of capillary function 


Summary 

1 Ninctcon cases of idiopathic thrombocytopenic purpura have been 
investigated with regard to changes in bleeding time, capillary resistance, and 
platolot counts, before, during, and after splenectomy 

Similar observations were mndo on a control series of 13 patients on whom 
splenectomy was carried out for other conditions, nnd seven patients under- 
going other abdominal operations Tho mcgaknryooj'tes in tho bone-marrow 
were studied before nnd after operation 

2 It has boon shown that tho operation of splenectomy in cases of ldiopathio 
thrombocj topeme purpura is associated with a scquonco of changes in bleeding 
time, capillary resistance, nnd platelot counts , tho results of observations on 
tho control groups indicate that these changes are brought about initially by 
n non-spccifio effect of operntivo interference, followed by the effect of the 
romov al of tho spleon itself 

3 In cases of idiopntlno thrombocytopenic purpura, an assessment of the 
finnl effects of splenectomy cannot accurately bo made until at least threo 
months after oporntion 

4 No ovidcnco has been found of an increase in primitive forms of mega 
knryocytcs in tho bono-marrow m cases ofidiopathiothrombocytopeniapurpura 
There is, how over, n diminished formation of platelets, and this is alleviated by 
removal of tho spleon -> 

5 It is suggested that tho causo of idiopathic thrombooytopemo purpura 
lies in tho production by tho spleen and other reticulo-endothehal tissue, of 
somo factor which alters tho state of capillaries and also reduces platelet 
formation from megakaryooytes Removal of the spleen may bring abou 
a comploto or partial reversal of these olianges with consequent variation m 


clinical results 

Grateful acknowledgement is made to Dr R H Girdwood, of the Department 

of Medicine, University of Edinburgh, who suggested the method of describing 
megakaryocytes, and whose co-operation added greatly to the va ue o 
results The author is indebted to Dr J R Clark and Miss S T 
much valuable assistance The statistical analysis was earned out by Dr 
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THREE CASES OF THROMBOCYTOPENIC PURPURA 
OCCURRING AFTER RUBELLA 1 

WITH A REVIEW OF PURPURA ASSOCIATED WITH INFECTIONS 

By J F ACJKROYD 

With Plate 33 

Three cases of thrombocytopenic purpura occurring after rubella were seen 
during the epidemic of rubella which swept through this country during the 
spring of 1940 Only seven other well-authentioated cases have been found in 
the literature, namely, those of Pitten (1929), Gunn (1933), Fox and Walton 
(1940), Magnusson (1946), and Warren, Roghand, and Potsubay (1946) In 
these seven cases recovery was complete with no residual haemorrhagic mani- 
festations In none was the preceding attack of rubella of more than average 
seventy Pitten did not see his patient until the primary rash had disappeared, 
but he brought forward good evidence m support of the diagnosis of rubella 
In this way his case resembles the second case descnbed here Apart from these 
reports, Cheadle (1881) descnbed a case of rubella m which petechiae and small 
purpunc patches appeared on the extremities, and Dunlop (1871) reported two 
cases which developed a few cutaneous petechiae during convalescence More 
recontly, Rudisill (1930) in a paper on the treatment of thrombocytopenic 
purpura with X-rays, stated in a footnote that one of his cases occurred after 
rubella Welt and Kasnetz (1938) have reported a caseofpurpura with thrombo- 
cytopenia after an attack of rubella which was complicated by mastoiditis, 
lateral sinus thrombosis, pyaemia, and erysipelas As these authors pointed out, 
it is impossible to prove that the purpura v as caused by any one of the con- 
ditions v Inch preceded it In addition to the one case mentioned above. Fox 
and Walton (1940) descnbed another patient in whom purpura followed rubella 
They gavo no details of blood counts or other investigations The fatal case 
of purpura after rubella descnbed by Stratford (1911) vould seem, as Moore 
(1911) has pointed out, probably to have been one of purpura complicating 
scarlet fover In addition to the above , a few cases of rubella with a haemorrhagic 
rash have been reported Glnistcr (1881) reported one case of tins type but 
gave no details, and Hottingcr (1931) has reported cases in an epidemic in 
Dusscldorf (Rcitschel, 1931) Tv o cases have recently been descnbed m detail 
by StrOm (1940) Tlio platelet count v as normal m each and the haemorrhages 
appeared to be due to extra-v asation of blood from tho dilated capillanes m the 
macules u Inch constituted the rash, for not only were the haemorrhages confined 

1 Roccu c<l Jnnunrj 25, 1040 
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the next day the temperature was normal and the rash beginning to fade His 
doctor did not see him again until 16 3 40, when he was found to have a few 
purpunc spots on the body and legs and bruises round both knees There was 
also a small submucous haemorrhage inside the left cheek He had never had 
an attack like this before and did not usually bleed excessively, neither was 
there any family history of purpura or abnormal bleeding By the following 
day there was bleeding from the gums and a submucous haemorrhage had 
developed in the faucial region Also, the purpura had become more extensive 
That night the patient had an epistaxis and on the following morning (18 3 40) 
was admitted to the Bristol Royal Hospital for Sick Children and Women under 
the care of Professor C Bruce Perry On admission his temperature waslOO 2° P 
and there was bleeding from the bps, gums, and nose There were numerous 
petechial haemorrhages over the legs and trunk and ecchymoses near both 
elbows and knees The fauces showed extensive submucous haemorrhages 
The spleen was not palpable On the following day the capillary resistance test 
was found to be strongly positive and the platelets were too few to estimate 
On the next day he was noticed to he passing tarry stools, and treatment with 
ascorbio acid 0 5 gm daily was commenced The condition remained more or 
less unchanged until 24 3 40, when bleeding from the nose, bps, and gums 
ceased and the purpunc rash began to fade After this there were no further 
haemorrhages, although the capillary resistance test was still strongly positive 
Treatment with ascorbic acid was stopped 26 3 40 By 3 4 40 all the petechiae 
and ecchymoses had faded completely and the Btools were normal OnTO 4 40 
the lower pole of the spleen could just be felt The platelets numbered 160,000 
per o mm , but the capillary resistance test was still strongly positive The spleen 
was never more than just palpable and could not be felt after 17 4 40 The 
patient was discharged home on 24 4 40, 39 days after the onset of purpura 
The platelet count was then 112,000 per cmm , but the capillary resistance 
test was rather less strongly positive than before He was seen again on 11 6 40, 
when he appeared perfectly well The capillary resistance test was then normal 
and the platelets numbered 146,000 per c mm Shortly after this the patient 
moved to South Wales and, unfortunately, it was not possible to examine him 
again The haomatological investigations are summarized m Table I and Fig 1 

Case 2, a boy aged Cl years This was the mildest of the three cases On 
20 4 40 he developed a rash on the body, lasting only for 24 hours He did not 
feel ill and did not see a doctor The illness was so slight that bis mother 
mentioned it only when asked specifically if he had had German measles 
During tho next two days he appeared well, but on 23 4 40 started to bleed 
from tho gums On 2G 4 40 he was admitted to the Bristol General Hospital 
under the care of Dr Orr-Ewing He had had no previous illnesses There was 
no family history of purpura or excessive bleeding The temperature and pulse- 
rate wero normal There were fairly numerous purpunc spots on the back, chest, 
and abdomen, and a few on tho arms and legs Several ecchymoses were 
observed on tho arms and legs and one on the abdomen Submucous haemor- 
rhages on tho lips and inside tho mouth u ere also seen nnd there nos bleeding 
from tho gums Tho spleen was not palpable, but became so on the following 
«n\, v ben the platelets ucrc found to be too few to estimate On 2S 4 40 a 
vitamin C saturation test did not indicate any senous deficiency On the 
folloa mg dm \ itnnnn C therapy u as begun, a daily dose of 0 5 gm being given 
On 29 4 40 tho patient had an epistaxis and tho purpura was more marked 
but the spleen vns no longer palpable By 2 6 40 tlio petechiae were fading’ 
but a feu fresh eccln moses had appeared on the feet nnd one on the upper hp’ 



300 


J F ACIOtOYD 


to tho rash, but when the capillary fragility was investigated by constricting 
the arm, the potcchmo produced woro confined almost entirely to the rash 
As only soven w cll-authontieated and six doubtful cases of thrombocytopenic 
purpura nftor rubella have previously been reported, tho occurrence in less than 
six weeks of the three cases described hero represents a high incidence of the 
condition Die epidemic in which theso cases occurred was characterized by 
an abnormally largo proport ion of cases dovelopmg other complications (Suffera, 
1010, Hodges, 1910a, b, Harrison, 1040, Simpson, 1040, Witney, 1940, Tidy, 
1010, Bennett and Copcman, 1940, Sprott, 1040, Evans, 1042) This suggested 
that tho epidemic might liar o been duo to an unusually virulent virus, possibly 
one with an evceptional tendency to cause purpura A senes of uncomplicated 
cases of rubella, occurring in tho same epidemic, was therefore investigated to 
deternnno whether tho platelet count was lowered or the capillary fragility 
increased in patients who did not develop purpura Changes in the erythrocytes, 
leucocytes, bleeding tinio, and coagulation timo were also observed As a result 
it was concluded that theso three cases of purpura wero not duo to any abnor- 
malities of tho \inis responsible for tho epidomio, but wore probably due to an 
unusual susceptibility of tho pationts’ tissues to tho infection 


Methods 

Platelet counts were done by Fomo’s (1912) method Each figure given is 
tho mean of nt least two estimations Tho normal is generally about 250,000 
to 500,000 per c mm , but counts as loir as 140,000 to 180,000 per o mm may 
sometimes bo found in normal subjects Cose 1 reported here appears to have 
been of this typo 

Tho differential leucocyte counts were based on counts of not less than 
400 cells. 

Capillary fragility was investigated by a modification of Hess’s (1916) method 
in whioh tho sphygmomanometer band was left on the nnn at a pressure of 
80 mm of mercury for five minutes Tho result was not considered abnormal 
unless more than 10 petochiao wero produced The petechine were counted m 
daylight without tho uso of a Ions 

Bleeding time was estimated by tho method of Ivy, Shapiro, and Melnick 
(1935) Tho normal rango by tins method is up to four minutes 

Coagulation time was estimated by tho capillary tube method of Sabrazes 
The normal rango is from two to four minutes (Stitt, 1027) 


Case Eeporls 

Case 1, a boy aged 0 j cars Previously he had suffered from scarlet fever 
whooping-cough, and ohiokenpox Ho had been quite well until 5 3 40, when 
he developed a rash on tho face On the following day he had a temperate 
of 100° F and a very profuse rash over the whole of the body Tim c p 
glands were enlarged and slightly tender and the condition rvas considered by 
his doctor to be a typical attack of rubella The patient did not feel ill, and by 
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THE RESULTS OF THE HESS TEST 
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Fio 1 Platelet counts and capillary fragility in two patients (Cases 1 and 2 ) 
with thrombocytopenic purpura occurring after rubella 
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The dose of ascorbic acid was increased to 1-0 gm dady, and after this recover? 
was rapid Treatment with vitamin K, 8,000 Dam units dady, in addition to 
the ascorbic acid, w as started on 7 G 40. and by 9 G 40 he appeared well, although 

if ^ C ° l ? fc Mn8 ° n y l 0 ,’ 000 P° r 0 mm ftnd capillary resistance tit 
a positive The dose of vitamin K was doubled on 16 6 40 

Hy *-‘■ 5 40, *-G days after admission, tho capillaiy resistance test had become 
almost normal, tho platolots were normal in number, and he was discharged. 


Table I 

Blood Examinations and Capillary Fragility m Three Cases of Purpura 
occurring after Ihibella 
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• Capillary frailhly Thr mbol* u<ed la thU column Indicate the number ami distribution of thepctechiae produced 
by tin* iltt* trsl a* follow* 
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Sl+ Up to 60 |* techlm In antccnbltal ft**a 
+ Over 100 pi trctiU* In antrcubltnl fo*aa and Juut above and below 
+ 4* Numerous petechlao extending to Junction of upper and middle thirds of forearm. 

+ + + \ fry numerous petcehlac extending risbv down forearm. 

+ + + + Spontaneous purpura 


Six months later (12 11 40) lie was again examined He had been well during 
tho interval and tho platelet count and capillar}' resistance test were normal 
Tho results of tho hacmatological investigations are summarized m Table I 
and Fig 1 Tins caso is the least satisfactory of the three as the primary 
oxanthem was not seen b} n doctor However, in view of its mild and transient 
nnturo and tho fact that it occurred at the height of an epidemic of rubella, 
it seems almost certain that tho condition was, in fact, rubella 

Case 3, a boy aged 9 years Ho hod previously suffered from varicella and 
mumps Neither bo nor any other member of the family had ever suffered from 
purpura or abnormal bleeding On 3 4 40 the patient was taken to his doctor, 
suffering from a typical attack of rubella There was an extensive rash and the 
occipital glands wore enlarged Three days later he had an epistaxis and 
developed bleeding from the gums Purpunc spots were observed on the legs 
On 7 4 40 the patient developed haomatuna He was admitted to the Bristol 
Royal Hospital for Sick Cluldren and Women under the care of Professor 
C Bruce Perry on 10 4 40 There were purpunc spots on both legs, especially 
round tho ankles, and some on the neck and shoulders The spleen was not 
palpablo There was gross haematuna On the following day a blood count 
(see Table I) showed that the platelets were so greatly reduced m number that 
it was not possible to count them The capillary resistance test was strongly 
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The sections showed numerous intra-alveolar haemorrhages which all 
appeared to be very recent No megakaryocytes were found 

Kidney There were haemorrhages m the pyramid and also in the pelvis and 


pencapsular tissues 

Spleen The only apparent alteration was the presence of many eosinophil 
leucocytes in the Malpighian bodies and in the pulp No megakaryocytes were 


seen 

The liver appeared normal No megakaryocytes were seen 
The pancreas, adrenals, and pituitary all appeared normal 
No platelet thromboses of the type described by Baehr, Klemperer, and 
Schifnn (1936) were seen in any of the sections 
Bone-marrow Paraffin sections were taken from the upper end of the femur 
and from the sternum They were fixed m Holly’s solution and stained with the 
May-Grunwald-Giemsa stain The erythroblastic cells showed no abnormalities 
The only change noted m the leueoblastic cells and leucocytes was a slight 
increase in the proportion of eosinophils 

Megakaryocytes A modification of Prey’s (1928) method of counting was 
used Sections 7 microns thick were ont at five different levels through the 
thickness of the bone-marrow at the upper end of the femur, and the number of 
megakaryocytes per 100 fields at each level was estimated, usmg a Leitz 1/12 m 
objective (NA 1 2) and a x8 ocular at a tube length of 170 mm Portions of 
megakaryocytes were also counted, except when these appeared obviously to 
be pseudopodia, which had become separated from adjacent cells The distribu- 
tion of megakaryocytes at the different levels was found to be remarkably 
uniform The average figure obtained was 67 megakaryocytes per 100 fields 
It is difficult to estimate the number of cells m the bone-marrow because the 


proportion of haemopoietio cells to fat cells often vanes from one part of a 
section to another To minimize this effect, any fields containing more than an 
occasional fat coll were passed over The figures obtained when this is done 
provide an indication of the number of megakaryocytes per unit volume of 
haemopoietio tissue and give results which it is believed are valuable for 
purposes of comparison m cases with cellular marrows It has proved difficult 
to obtain satisfactory control matenal with which to compare the figures 
obtained m tlus investigation, as the bone-marrow is notoriously liable to 
undergo changes in disease AIbo, the number of megakaryocytes in the marrow 
vanes with ago (Frey, 1928) It was therefore desirable to obtain specimens 
from cases of sudden death in previously healthy subjects of approximately 
the same ago as the patient I am indebted to Professor W D Newcomb for 
two specimens of femoral bone-marrow from cases of sudden death m previously 
health} oluldron The first specimen was from a female child aged G years who 
nas found drowned The megakaryocytes in this case numbered 05 per 100 
fields The second specimen was from a male child aged 7 years who was injured 
in a street accident He was operated on immediately and was found to have 
a ruptured hi cr Ho died shortly after the operation Only very small pieces 
of bono-manxm had been kept, and it was possible to count only 350 fields 
The megakar} oc} tes numbered 66 per 100 fields The megakaryocytes were 
also counted in a woman aged 03 }ears, who died of extensive fat 'embolism 
2} hours after receiving multiplo fractures in an air-raid The megakan ocvtcs 
m tins cose numlicrcd 40 per 100 fields This is lover than the figure obtained 
for Case 3, but tlio bone-marrou , as vould bo expected m a patient of this a<m 
vas not ns cellular Also, ns Fro\ (1928) has shown, the number of mega- 
karjocjtes normally tends to be higher in children than m the aged The 
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posituo. On 12 4 40 tho general condition was about the same He went to 
slcop in t ho aftenioon and invoke at 5 p m , complained of nausea, and vomited 
onco \\ itlnn 10 minutes he had become comatose, tho limbs being flaccid and 
respirations stertorous Ten minutes later lumbar puncture was performed and 
uniformly blood-stained cerebrospinal fluid withdrawn under great pressure 
T ic pupils gradually bccamo fully dilated and fixed, tho respirations shallower 
and tho pulso weaker The heart stopped beating at 0 50 p m 


Summary of findings at autopsy performed 1G hours after death 
The body was that of a w oil-nourished muscular boy There were very 
numerous cutaneous petccluao and small subcutaneous haemorrhages all over 
tho bod\ 

The serous cavities All tho serous membranes showed peteohiae There was 
an extensn o retroperitoneal haemorrhage w Inch extended around the ascending 
colon 

The heart showed no chango apart from epicardial haemorrhages 
The mouth, soft palate, and pharynx showed small submucous haemorrhages 
The larynx and trachea showed small submucous haomorrhages 
The lungs showed numerous subpleural petcchiae On section no gross 
changes could bo dotected 

The spleen weighed 88 gm It appeared slightly enlarged, with rounded 
margins On section it was soft in consistency 
The bone-marrow of tho nght femur, vertebrae, sternum, and ribs appeared 
, healthy 

The lymph nodes were not enlarged 

The liter weighed 1,040 gm There woro a few subserous petcchiae, but on 
section tho appearances w oro normal 

The gall-bladder , bile-ducts, and pancreas appeared normal 
The oesophagus, stomach, and intestines showed numerous submucous and 
subserous haemorrhages 

The hdneys each weighed 110 gm There was extensive haemorrhage in tho 
perirenal tissues on each sido On section thero was blood in the pelvis of each 
kidno 3 r , but apart from this tho appearances were normal The ureters appeared 
healthy There wore a fow subepithehal haemorrhages in the bladder 
The genitalia appeared normal 

The thymus, pituitary, thyroid, and adrenals showed no abnormalities 
Muscles Thero wero many haemorrhages m the muscles of the trunk and 


limbs 

The cranial cavity appenred normal 

The meninges Tho dura was hoalthy There was a small calcified plaque 
S mm in diamotor m tho arachnoid over tho nght frontal pole, which might have 
been the result of caloification of a birth injury There was a similar but smaller 
plaquo over tho loft frontal pole There was fresh blood m the subarachnoid 
space at tho base of tho bram The pia-arachnoid showed numerous minute 


peteohiae 

The brain The convolutions were flattened, but there was no pressure eo 
on tho corebell urn A coronal section after fixation revealed a very large haemor- 
rhn "0 m tho nght cerebral hemisphere (Plate 33, Fig 3), extending m 
white matter of the nght frontal pole, very nearly to the occipital pole » had 
caused almost complete destruction of the internal capsule, thalamus, and zon 
indiata, and had raptured into the nght lateral ventricle 

The cerebral arteries appeared normal There was no indication ot an 


aneurysm. 
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■was true both, for the patients -with uncomplicated rubella and for those who 
developed purpura Similar investigations in other infections have also failed 
to show any correlation between the leucocyte and platelet counts (Tocantins, 
1938) 

Capillary fragility This was usually greatest at the onset of the disease and 
became normal during convalescence In two patients (Cases 4 and 7), a small 


Table II 


Haemal ological Findings and Capillary Fragility in Cases of 
Uncomplicated Rubella 
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nso m capillary fragility was also observed about the twentieth day of the 
disease The changes m fragility varied greatly from one patient to another; 
m Case 6 there was no increase at any time, while m Case 8 the test was strongly 
positive for over a fortnight, although the disease appeared to bo equally mild 
in each enso 

The platelet count and capillary fragility Thero appeared to he no correlation 
between the changes m the platelet counts and capillary fragility Normal 
fragility was observed with a platelet count as low ns 140,000 per c mm in 
Caso 4 and considerably increased fragility with a count as high as 350,000 per 
c mm in Case 8, and it may bo noted hero that in two of the patients who 
developed purpura (Casc3 1 and 2), greatly increased capillary fragility was 
seen with platelet counts as high as 100,000 and 190,000 per c mm respectively 

IQJ.M Vw<StrfrtXn 72) y 
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figures of 05 and 00 per 100 fields obtained for the two children are however 
extraordinarily oloso to tho figure of 07 per 100 fields obtained for Case 3 This 
indicates a romarkablo dogrco of uniformity m tho numbers of megakaryocytes 
m tho bono-mniTOw of thcso thrco children and demonstrates clearly that" the 
discaso had caused no significant alteration m the number of megakaryocytes 
in tho bone-marrow of Case 3 No attempt was mado to perform differentia] 
mcgakaryoovtc counts ns thcso cannot be earned out satisfactorily on post- 
mortem scotion material It may bo stated that a largo proportion of the cells 
appeared normal and contained thoir full complement of the characteristic 
azurophil granules and that, certainly, no gross changes suoli as those desenbed 
by Ban r and Gnsul (1020) in a case of purpura secondary to diphtheria or by 
Lcitnor (1945) m n case ocoumng in tho course of generalized septicaemia, were 
present m tho bone-marrow m this caso Tho normal appearance of these cells 
is well shown m tho two photomicrographs of sections of the femoral marrow 
(Plato 33, Figs 4 and 5) 

Investigation of Cases of Uncomplicated Rubella • 

Tho presont investigation was undertaken at the end of the epidemic of 
mbella m which tho patients just described were seen By that time cases 
wore becoming infrequent, and unfortunately only five patients were seen who 
could bo repeatedly examined over a sufficiently long period In each the 
attack was mild and tho only patient who complained of feeling ill did not feel 
sufficiently unwoll to go to bed Thcso cases have been described as uncom- 
plicated cases of rubella It will bo seen from tho chnical notes in the Appendix 
that two of tho patients (Cases 4 and 7) suffered from joint pams This symptom 
was, howover, very common in tho opidomic One patient (Case 8) suffered 
from ‘tinghngs ’ m both hands, nlso a not uncommon symptom in the epidemio 
There wore no doteotablc neurological changes, and tho abnormal sensation 
rapidly disappeared The only definite complication occurred in Case 6 who 
dovoloped an attack of urticaria on o w eek after the onset of rubella This does 
not appear to havo had any effeot on tho platelet count or on the response to 
tho capillary resistance test, as the changes observed in this patient were 
identical m typo with thoso seen m the remaining cases, and it has, therefore, 
bcon felt justifiable to include her m tho senes Complete haematological 
investigations wore earned out on all these patients at frequent intervals The 
results are shown in Table 2 and Fig 2 

Platelet count Tho ohanges m the platelet counts in all five patients were 
similar At tho onset of the disease the count was usually low After a 
varying interval it rose to above the normal level for that patient and later 
fell to normal The curves differed from one another only in the intensity and 
duration of the thrombocytopenia Thus, in Case 7 the changes m the platelet 
count wore only slight, wlule in Case 4 there was a very considerable reduction 
m the platelet count for over four weeks, although the preceding attaok of 
rubella was, if anything, slightly milder in this patient 

Leucocyte and platelet count The variations in the total and differential white- 
cell counts showed no uniform trends nor did there appear to be any parallelism 
between the ohanges in the leucocyte counts and numbers of platelets This 
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The bleeding time and coagulation time These showed no striking deviation 
from the normal The slightly prolonged bleeding times observed in Case 4 
may have been duo to the fact that she had acrocyanosis 

Analysis of the platelet counts in many other acute infections, including even 
the common cold (Bannerman, 1924), has also shown a tendency to an initial 
thrombocytopenia, followed, after a variable period, by a rise which may 
temporarily reach a level above normal There appears to have been no other 
investigation of the platelet count m rubella, but the changes found in measles 
(Soliiff and Matyas, 1918, Beck, 1924), varicella (Beok, 1924), and vaccinia 
(Beck, 1924) are very similar to those observed m the cases of rubella reported 
here, and show the same striking variations m individual susceptibility as 
demonstrated by the different degrees of thrombocytopenia that developed 
in different individuals in response to the same infection The capillary fragility 
in rubella lias been investigated by Heoht (1907) and Kemau (1938) Using 
the suction technique described by Hecht (1907), Kemau found that the 
capillary fragility was mcreased in all but two of 35 cases The increase was 
greatest during the first three days and persisted for seven to eight dayB 
Heoht (1907) examined two patients by the same method In one, the capillary 
fragility showed no significant alteration while m the other, who was observed 
for only eight days, the fragility was still mcreased at the end of this period 
As Monro, Lazarus, and Bell (1947) have pointed out, it is difficult to compare 
the results obtained by this method with those obtained by the positive pressure 
method which was used in the present investigation, but it is clear that the 
general pattern of tho changes m these different investigations is the same, the 
capillary fragility being high at the onset of the disease and faffing during 
convalescence There is, as with the changes m the platelet count, considerable 
variation m individual susceptibility, some patients showing a considerable 
increase in capillary fragility and a few showing little or no change The authors 
of these investigations have not commented on this wide range of response of 
tho platelet count and capillary fragility to apparently equally severe attacks 
of tho same infection, but this finding suggests strongly that it is not so much 
the vmilonce of tho organism as the susceptibility of the patient which deter- 
mines tho degreo to which thrombocytopenia and capillary damage result 


Discussion 

The significance of thrombocytopenia in acute infections It is known that 
organisms when injected intravenously into animals become clumped together 
with platelets and rapidly disappear from tho circulation Not all animals react 
m this wa}' to all organisms If a mixture of staphylococci and pneumococci, 
for instanco, is injected intravenously into rabbits, only tho staphylococci aro 
agglutinated (Govacrts, 1021) Pneumococci are, however, agglutinated in this 
nay if injected into dogs (Govacrts, 1921) Tho agglutination, when it occurs, 
is accompanied by a peripheral thrombocytopenia (Govacrts, 1921 , Dudgeon 
and Goadby, 1031) This phenomenon is known as ‘platelet loading’ Its 
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The bleeding itme and coagulation time These showed no striking deviation 
from the normal The slightly prolonged bleeding times observed m Case 4 
may have been due to the fact that she had acrocyanosis 

Analysis of the platelet counts in many other acute infections, including even 
the common cold (Bannerman, 1924), has also Bhown a tendency to an initial 
thrombocytopenia, followed, after a variable penod, by a rise which may 
temporarily reach a level above normal There appears to have been no other 
investigation of the platelet count in rubella, but the changes found m measles 
(Schiff and Matyas, 1918, Beck, 1924), varicella (Beok, 1924), and vaccinia 
(Beck, 1924) are very similar to those observed m the cases of rubella reported 
here, and show the same striking variations in individual susceptibility as 
demonstrated by the different degrees of thrombocytopenia that developed 
in different individuals m response to the same infection The capillary fragility 
m rubella has been investigated by Hecht (1907) and Kemau (1938) Using 
the suction technique described by Hecht (1907), Kemau found that the 
capillary fragility was increased m all but two of 35 cases The increase was 
greatest during the first three days and persisted for seven to eight days 
Hecht (1907) examined two patients by the same method In one, the capillary 
fragility showed no significant alteration while in the other, who was observed 
for only eight days, the fragility was still increased at the end of this period 
As Monro, Lazarus, and Bell (1947) have pointed out, it is difficult to compare 
the results obtained by this method with those obtained by the positive pressure 
method which was used m the present investigation, but it is clear that the 
general pattern of the changes in these different investigations is the same, the 
capillary fragility bemg high at the onset of the disease and falling during 
convalescence There is, as with the changes m the platelet count, considerable 
variation in individual susceptibility, some patients showing a considerable 
increase m capillary fragility and a few showing httle or no change The authors 
of these investigations have not commented on this wide range of response of 
the platelet count and capillary fragility to apparently equally severe attacks 
of the same infection, but this finding suggests strongly that it is not so much 
the virulence of the organism as the susceptibility of the patient which deter- 
mines the degree to which thrombocytopenia and capillary damage result 


Discussion 

The significance of thrombocytopenia in acute infections It is known that 
organisms when injected intravenously into animals become clumped together 
with platelets and rapidly disappear from the circulation Not all animals react 
in this way to all organisms If a mixture of staphylococci nnd pneumococci, 
for instance, is injected intravenously into rabbits, only the staphylococci are 
agglut mated (Govaerts, 1921) Pneumococci are, honever, agglutinated in this 
nay if injected into dogs (Govaerts, 1921) The agglutination, when it occurs, 
is accompanied by a peripheral thrombocytopenia (Govaerts, 1921 , Dudgeon 
and Goadby, 1931) Tins phenomenon is known as 'platelet loading’ Its 



310 


J F ACKROYD 


significance is uncertain, but as organisms are removed just as quickly from the 
circulation of animals from whioh tho platelets have been removed (Bull and 
McKee, 1022), it scorns that platelet loading is not an important defence 
mcolmnism, Tho literature on this subject has been reviewed by Tocantins 
(1938). Tho thrombocytopenia that results from platelet loading is transient 
Dudgeon and Goadby (103 1), who produced severe thrombooytopemn in rabbits 
by injecting intravenously suspensions of virulent staphylococci, showed that 
tho number of platelets was partially restored to normal within two hours of 
tho injection, although during this time more and more cocci were appearing 
freo in the capillaries and tho animal v as developing a septicaemia Tamguchi, 
Joog chsu, and Knsahara (1930), who injected various organisms into guinea- 
pigs and rabbits, found that tho thrombocytopenia dno to platelet loading 
lasted only for a half to one hour In man, Mackay (1930) obtained Bunilar 
results with typhoid vaccino injected intravenously Tho platelet count fell 
steadily for 20 minutes, but regained its original level within two hours It has 
been suggested (Banncrman, 1924, Tocantins, 1938) that the phenomenon of 
platolct loading may explain tho thrombocytopoma that occurs in so many 
acute infections This scorns improbable because the thrombocytopenia due 
to platelot loading is of so very' much shorter duration In Dudgeon and 
Goadby’s (1931) experiments the number of circulating platelets was increasing 
at tho snmo timo ns tho number of free cocci m tho blood was rising, whereas 
in ono of tho patients (Case 4) m tho present series, tho depression in the platelet 
count persisted for as long as four w eoks after tho disappearance of the rash, 
and in another (Cnso 5), tho platelet count did not return to normal for over a 
fortnight Moreover, Duko (1913) lias shown that tho platelet count is lowered 
in somo cases of diphtheria, v boro any significant degree of platelet loading is 
unlikely to occur, and m rabbits with tlirombocytopema duo to experimental 
inoculation with fatal doses of diphtheria toxin, ho was able to demonstrate 
degoncrativo changes in tho megakaryocytes w inch appeared to be sufficiently 
sevoro to account for tho tlirombocytopema These facts suggest that thrombo- 
cytopenia m acute infections may' bo due to an effect on the bone-marrow rather 
than to tho phenomenon of platelet loading, which appears to be of little 
importance in this connexion 

Pathogenesis of purpura associated with infectious diseases Purpura associated 
with infectious diseases can bo divided into four types 

1 Conditions in winch purpura forms a part of the normal clinical picture 

of an infection, for example, septicaemia 

2 Cases where the haemorrhages are confined to the rash and appear to be 
duo to an exaggeration of tho same process that causes the exanthem 

3 Cases of tho haemorrhagic forms of the aonte infections The nature of 
these is obscure and very little is known about them The four most commonly 
described vanoties are haemorrhagic measles, haemorrhagio scarlet fever, 
haemorrhagic smallpox, and haemorrhagio diphtheria They are classically 
described as overwhelmingly severe infections in whioh purpura appears early 
and death ocours in a few days The first two are rare Box (1933) had never 
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soon a caao of haomorrhagio soarlot fovor and ICor (Rundlo, 1029) Btatod that 
ho had soon noithor haomorrhagio scarlot fovor nor haemorrhagic menslos. It is 
doubtful if cithor of those conditions constitutes a definite clinical ontity and 
many coeos dosonbod m the oldor litoraturo apponr to have boon examples of 
haomorrhagio smallpox (Rollcston and Ronaldson, 1940, ICor (Rundlo, 1929)) 
In haomorrhagio smallpox, Ikeda (1025, 1028) has shown that there is often 
an mtonso septicaemia wlnoh lio thought might well account for tho purpura 
Ho was ablo to demonstrate streptococci in all post-mortem blood cultures and 
m 74 por cont. of blood cultures talcon before death In somo of those cases tho 
septicaemia was so gross that numorous organisms could bo soon in stained 
films of blood talcon during life Further evidence of tho frequent occurrence of 
haemolytic streptococcal infection of tho blood-stream in haomorrhagio small- 
pox is provided by Wilkinson’s (1943) observation that haemolytic streptococci 
could invariably bo isolated from haemorrhagic bullae m such oases. Such a 
blood-stream infection, occurring in a patient whoso platelet oount had already 
been lowered and capillary fragility increased by mfoction with tho virus of 
smallpox, must have contributed greatly both to tho sovonty of tho disease 
and to tho haomorrhagio tendency, and may well explain tho appoaranco of 
tho haemorrhages, although it must bo omphasizod that it is not known if any 
other factors are mvolvod as vory little xvork has been dono on this typo of 
purpura It is conceivable that tho haomorrhagos found m somo Bovoro cases 
of diphthoria may bo duo to a similar invasion of tho blood-stream, for it is 
known that streptococci and Coryncbaclcrium diphlhcriac may somotimos bo 
found in tho blood m this condition (Ammundson, Bang, Franck, Hanson, 
Lassen, Poulsen, Snorrason, Thygcson, Vimstrup, and Zimson, 1947 , Loodo, 
1911, Rocdohus, 1913) W D Newcomb (porsonal communication) bos soon 
ono caso of diphthona associated with purpura m which thoro was a concomitant 
streptococcal soptioaomia Quick (1942) considered tho purpura m haomorrhagio 
diphthoria to bo duo to tho offocts of an overwhelming toxaemia, but if this is 
eorroot it would bo expected that purpura would bo a much more common 
finding than it is m fatal cases, and it Booms probablo that tho vast majority 
of cases of haomorrhagio diphthoria bolong to tho noxt group 
4 Cases of tho typo with which tho present paper is concornod, in which 
purpura occurs as a rare complication of an infection Tins typo of purpura 
oppoars to boar no relationship to tho sovonty of tho primary infection and may 
comphoato mild or sovoro cases It has, m tho post, boon widoly hold that 
purpura ocours only in sovoro mfootions, but this is clearly not eorroot Tho 
throo cases of purpura describod hero followed very mild attaoks of rubolla. 
According to Box (1933), purpura complicating scarlot fovor usually follows 
mild or only modoratoly sovoro attacks In diphthona, Kor (Rundlo, 1 929) has 
obsorvod that although tho throat symptoms are usually sovoro m purpuric 
cases they arc not necessarily so, and Geo (1005) stated that tho haomorrhagio 
tendency bears no relationship to tho seventy of tho throat infection, and that 
the symptoms of diphthona may bo so slight that tho diphthontio ongm of 
tho purpura may bo overlooked 
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significance is uncertain, but as organisms are removed just as quickly from the 
circulation of animals from which tho platelets have been removed (Bull and 
McKee, 1922), it scorns that platelet loading is not on important defence 
mochnmsm Tho literature on tlus subject has been reviewed by Tocantins 
(1938) The thrombocy topoma that results from platelet loading is transient 
Dudgeon and Goadby (1931), who produced severe thrombocytopenia m rabbits 
by injecting mtravonously suspensions of virulent staphylococci, showed that 
the number of platelots was partially restored to normal within two hours of 
t ho injection, although during this time more and more cocci were appearing 
free in tho capillaries and the animal was developing a septicaemia Tamgnchi, 
Joogctsu, nnd Knsnhnra (1930), who injected various organisms into guinea- 
pigs and rabbits, found that tho thrombocytopenia duo to platelet loading 
lasted only for a half to one hour In man, Mackay (1930) obtained similar 
results with typhoid vaccine injected intravenously Tho platelet count fell 
steadily for 25 nunutes, but regnined its original level within two hours It has 
been suggested (Bannornmn, 1924, Tocantins, 1938) that tho phenomenon of 
platelot loading may explain tho thrombocytopenia that occurs in so many 
acute infections Tlus seems improbable because tho thrombocytopenia duo 
to platelot loading is of so very’ much shorter duration In Dudgeon and 
Goadby's (1931) experiments tho number of circulating platelets was increasing 
at tho same timo as tho number of free cocci m tho blood was rising, whereas 
m ono of tho patients (Cnso 4) in tho present scries, tho depression in the platelet 
count persisted for os Jong as four w ceks after tho disappearance of the rash, 
and m another (Case 5), the platelet count did not return to normal for over a 
fortnight Moreovor, Duko (1913) has shown that tho platelet count is lowered 
m some cases of diphtheria, where any significant degree of platelot loading is 
unlikely' to occur, nnd an rabbits with thrombocytopenia duo to experimental 
inoculation with fatal doses of diphtheria toxin, ho was able to demonstrate 
dogoncrativo changes in tho megakaryocytes whioh appeared to be sufficiently 
severe to account for tho thrombocytopenia These facts suggest that thrombo- 
cytopenia in acute infections may' bo due to an effoct on the bone-marrow rather 
than to tho phonomonon of platelet loading, which appears to be of little 
importance m this connexion 

Pathogenesis of purpura associated with infectious diseases Purpura associated 
with infectious diseases can bo divided into four types 

1 Conditions in w'hich purpura forms a part of the normal cluneal pioture 
of an infection, for oxnmple, septicaemia 

2 Cases where tho haemorrhages are confined to the rash and appear to be 
duo to an exaggeration of the same process that causes the exanthem 

3 Cases of the haomorrhagio forms of the acute mfeotaons The nature of 
these is obscure and very little is known about them The four most commonly 
described varieties are haemorrhagic measles, haemorrhagic scarlet fever, 
haemorrhagic smallpox, and haemorrhagic diphthena They are classically 
described ns overwhelmingly severe infections in which purpura appear early 
and death occurs in a few days The first two are rare Box (1933) had never 
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not reported as being enlarged in the cases described by Pitten (1929), Gunn 
(1933), Magnusson (1946), or Pox and Walton (1946) The spleen of Case 3 
appeared slightly enlarged at autopsy, although it was not palpable during life. 
Histologically it showed no change beyond the presence of an increased number 
of eosinophils Splenic enlargement was detected clinically in the two remaining 
cases of purpura reported here In Case 2 the spleen became palpable one week 
after the onset of rubella, but in Case 1 it did not become palpable for over a 
month after the disappearance of the rash, by which time the purpura had 
faded The spleen may normally be enlarged during the early stages of rubella 
(Harries and Mitman, 1940) and this may explain the splenic enlargement 
observed in some of these cases, although it does not explain that observed in 
Case 1, and it must be confessed that the cause of the enlargement of the spleen 
m these cases is uncertain 

Studies of the bone-marrow have thrown some light on the mechanism of 
production of thrombocytopenia in this type of purpura Gross pathological 
changes in the megakaryocytes have been reported in thrombooytopenic 
puipura secondary to diphtheria (Baar and Gasul, 1929) and septicaemia 
(Kienle, 1842), and Leitner (1946) has described a case secondary to pulmonary 
tuberculosis, and another occurring in the course of generalized septicaemia, 
m which the megakaryocytes were either absent or greatly reduced in number 
Hyperplasia of the megakaryocytes has been described by Morrow (1946), 
m a fatal case of thrombocytopenic purpura after soarlet fever, and by 
Nickerson and Sunderland (1937), in a case secondary to acute mastoiditis The 
latter authors stated that the megakaryocytes when stained by Wnght’s (1910) 
technique appeared to be forming platelets They therefore suggested that the 
toxin acted directly on the circulating platelets rather than on the mega- 
karyocytes, but although it has often been claimed that it is possible to demon- 
strate platelet formation histologically, the interpretation of suoh appearances 
is open to doubt Moreover, if it is accepted that platelets are formed by the 
budding off of portions of the oytoplasm of megakaryocytes, then it seems 
improbable that a toxin could be so specific that it could injure the platelets 
without causing any damage to the megakaryocytes, although clearly such 
damage might be too slight to produce histologically demonstrable changes 
It therefore seemB reasonable to assume that both the megakaryocytes and the 
platelets are affeoted by the disease process Normal findings m the hone- 
marrow have been reported m thrombocytopenic purpura secondary to an 
aoute upper respiratory infection (Fowler, 1936) and infectious mononucleosis 
(Lloyd, 1944) In Case 3 reported here the megakaryocytes were also present 
in normal numbers and showed no morphological changes The normal appear- 
ance of the megakaryooytes in this case is perhaps not surprising when it is 
realized that death was due only to the ohance occurrence of haemorrhage into 
a vital organ and that Cases 1 and 2 recovered completely It seems probable 
that the thrombocytopenia in purpura after infections can he explained on the 
supposition that both the megakaryocytes and platelets are affected The 
injury to the megakaryooytes may be severe enough to cause morphological 
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Tho interval between tho onset of the infection and the appearance of pnrpura 
varies considerably Thus, as far ns can bo determined from the data available 
m tho sovon cases of purpura after rubella previously reported, the purpura 
developed on the first, second, third, fourth, fifth, sovonth, and ninth days after 
tho appearance of tho rash In Cases 2 and 3 reported here, the purpura started 
on tho third day, but in Case 1, not until tho eleventh day In scarlet fever 
thoro is an even under venation, the usual tune of onset being the third or, less 
commonly, the fourth neck nftor tho onsot of the disease (Bov, 1933), although 
purpura may occur earlier or later than this and, as in a patient described by 
Fox and Enzcr (193Sj, purpura may appear during the first week of the disease 
Tho platelets are often present in normal numbors, but in some cases there 
lias beon thronibocj toponin Purpura of tho Henoch-Schonlem type has been 
described on rare occasions after scarlet fover (Box, 1933) As the platelet 
count is frequently normal, tho most important lesion seems to he an increase 
in capillar y fragility, although thrombocytopenia when it occurs may tend to 
inercaso tho haemorrhagic tendoncy Rosham (1934) has performed many 
ovpenmcnts to show that thrombocytopenia may havo such an effect, but 
perhaps tho most convincing evidoncc is that of Bcdson (1922) and Elliott and 
Whipplo (1940), who showed that severe haemorrhages will occur if thrombo- 
cytopenia is induced in animals v, Iioso capillaries have been damaged to an 
extent insufficient to cause purpura, although tho induction of a similar degree 
of thrombocytopenia in a normal animal has no such effect 
Tho rolo of tho spleen in idiopathic thrombocytopenic purpura is a subject 
of much control ers}', sonio holding that it destroys platelets m excessive 
numbers (Ivnznolson, 1010, 1919, Doan and Wnght, 1940, Alrntz, Nortell, and 
Pioltc, 1920), that it inhibits platelet jiroduofaon by the bone-marrow (Minot, 
1917, Dameshck and Miller, 1940, Limnrzi and Schleicher, 1940) Although 
tho spleen has not usually been considered to bo of importance in the develop 
ment of purpura m infectious diseases, there is considerable evidence that it 
may play a part m tho development of purpura associated with tuberculosis 
Tho association of purpura with tuberculosis is rare, but it seems to bo well 
established that m cases in winch the spleen is extensively involved, splenectomy 
may euro tho purpura This has been reported both m cases where the splenic 
involvement has occurred as part of a generalized tuberculous infection and in 
splenic tuberculosis (Wmtornitz, 1912), a condition in whioh the spleen is almost 
tho only organ involved, the primary lesion having healed Cases of purpura 
of this typo winch have beon cured by splenectomy have been reported by 
Kellcrt (1931), Omodei-Zonm (1933), Gerstenberg and Remwein (19 40), and 
Werner and Carter (1941) The purpura has generally been thrombocytopemo, 
and in these cases spleneotomy has restored the platelet count to normal, but 
in Omodoi-Zoruu’s two oases the platelets were present m normal numbers 
Apart from splenic tuboroulosis, no significant changes have been noted in the 
spleen in purpura associated with infectious diseases The spleen was reported 
to bo palpable during the first week of the illness in the two cases of purpura 
after rubella described by Warren, Roglmnd, and Potsubay (1946), but was 
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conditions, and that the allergic factor which causes acute nephritis may, in 
another patient, produce purpura It seems that the cases of purpura occurring 
during convalescence from virus infections such as rubella and measles could 
be explained on simila r lines In this connexion it is interesting to note that in 
two of the patients (Cases 4 and 7) with uncomplicated rubella reported here 
there was an unexplained increase in capillary fragility about the twentieth day 
after the onset of the disease It seems possible that this slight increase may 
have been due to an allergic response to the original infection of the type which 
it has been suggested here may precipitate the onset of purpura during con- 
valescence 

Summary 

1 Three cases of thrombocytopenic purpura occurring after rubella are 
described Two of the patients recovered spontaneously The third died of 
cerebral haemorrhage The post-mortem findings are given in detail. 

2 In oases of unoomphoated rubella, the platelet count is usually low and 
the capillary fragility high at the onset of the disease, returning to normal 
during convalescence 

3 Similar changes occur m other acute infections 

4 Platelet loading is probably of no importance m the production of thrombo- 
oytopema m acute infections 

5 The degrees of thrombocytopenia and increased capillary fragility after 
infections of apparently equal seventy vary strikingly from one patient to 
another 

6 The incidence of purpura after acute infections does not appear to 
bear any relationship to the seventy of the primary disease Purpura may 
complicate mild or severe infections 

7 It is concluded that the degrees of thrombocytopenia and increased 
capillary fragility in acute infections depend upon the susceptibility of the 
patients’ tissues rather than upon the intensity of the primary infection, and 
that purpura occurring during the early stages of an infection may bo due to 
a high degree of susceptibility to capillary damage and sometimes also to 
thrombocytopenia 

8 The development of purpura during convalescence can best be explained 
on the assumption of an allergic basis, similar perhaps to that to which nephritis 
after streptococcal infections has been attributed 

My thanks are due to Professor C Bruce Perry and to Dr H J Orr -Ewmg 
for permission to examine their cases, to Dr Dorothy Ayre for the clinical 
histones of Cases 1 and 3, and to Professors T E Hewer and W D Newcomb 
for access to their post-mortem material The illustrations were prepared by 
Mr T J H Cooke 



314 


J. F ACKROY D 


changes in those colls or may only bo sufficient to inhibit thrombopoiem In 
tlio latter typo tlioro may bo a compensatory megakaryooytic hyperplasia 
Tlicro aro two striking facts in connexion with this typo of purpura that 
remain to bo considered Firstly, there appears to be no obvious relationship 
botween tlio sovority of the primary infection and the incidence of purpura 
Purpura may occur m sc\ ere cases or may complicate very mild infections 
Sooondlj', purpura may occur oithor during the acute stages of an infection or 
during com alesccnco Different degrees of increased capillary fragility and 
thrombocytopenia, persisting for widely different periods, have been demon- 
strated m tlio coses of rubella reported here Similar reactions are known to 
occur in many othor acute infections It seems cortarn that the two effects are 
produced by the same agont, although this must % ary with the primary disease 
As has bcon stated nbo\c, tlio lanafcions in tlio degrees of increased capillary 
fragility and of thrombocytopenia found m acute infections appear to be the 
result of variations in tlio susceptibility of the patients’ tissues It seems 
probable that purpura occurring during the early stages of aente infections 
represents n high grado of this susceptibility resulting in such severe capillary 
dnrnnge, and sometimes thrombocytopenia, that haemorrhages develop It also 
seems probnblo that tho severe and prolonged thrombocytopenia encountered 
in Caso 4, and tho increased capillary fragility lasting for over a fortnight after 
the disappearance of tho rash m Caso 8, represent lesser degrees of this suscepti- 
bility, and that although tho reactions in theso cases were severe, they were 
insufficient to produce purpura Such a view docs, at least, explain the absence 
of nnv obvious relationship between the seventy of tho pnmaiy infection and 
the mcidonce of purpura, although theso two factors should probably not bo 
considered ns being entirely separate, ns a severe infection occurring in a 
susceptible patient may well have a greater tendency to cause purpnxa than 
a mild infection occumng in tho same patient 

Although tho above hypothesis maj’ account for those cases of purpura that 
occur during tho first fov days of an infection, it docs not explain those in whioh 
purpura appears long after the disappearance of the symptoms of the primary 
disease It has been shown in the present investigation that increased capillary 
permeability and thrombocytopenia may persist well into the period of con- 
valescence, but tins does not explain why purpura should suddenly develop at 
this stage It seems probable that, although the increase in capillary per- 
meability and the thrombocytopenia may conceivably be predisposing causes, 
thoro must bo somo other factor tending to precipitate the appearance of 
haemorrhages Nothing is known of the nature of such a factor, but the 
existence of a symptom-free period before the onset of purpura suggests the 
possibility of an allergic basis for this complication similar, perhaps, to that to 
winch nephritis after streptococcal infections has been attributed Indeed, 
tho penod of maximal incidence of purpura after scarlet fever coincides with 
that of post-scarlatinal nephritis, and if it is accepted that the glomerular 
lesions of acute nephritis are but part of a generalized lesion of the mpdlanes, 
then it seems possible that there may be a close relationship between the two 
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APPENDIX 

•• 

Summaries of Case-histories of Patients unth Uncomplicated RubeUa 

N B In each of these cases the diagnosis of rubella was confirmed by a member 
of the staff of the Bristol Royal Hospital for Sick Children and Women 

Case i, a young woman aged 22 years 
9 4 40 First noticed rash on face 

10 4 40 Rash very profuse all over body and a few spots on hands and feet 
13 and 14 4 40 Occipital glands enlarged Rash fading Joint pains present, 

chiefly m wrists, also m knees and ankles Patient has felt well all the time 

19 4 40 Menstrual period began 

Case 5, a man aged 39 years 

1 1 4 40 Rash appeared on face, arms, and chest Occipital glands enlarged. 
13 4 40 Rash disappeared Patient has felt well all the time 

Case 6, a girl aged 6 years 

20 4 40 Rash appeared on neck and shoulders Occipital glands enlarged 

21 4 40 Rash generalized Patient feels well 
25 4 40 Rash gone 
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Fio 4 Cnso 3 A largo mature megaka 
rjotvto with an ingest edpolvmorph From 
n section of tlio femoral marrow x GOO 


Fio 5 Case 3 A group of megaka rvoc\ tes 
from the femoral marrow, showing the 
normal morphology of these cells x GOO 
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Case 6 {continued). 

27 4 40. Urticaria. Numerous wheals all over trunk Has never had an attack 
boforc 

10 5 40 Recovered from urticaria. 

Case 7, a young woman aged 21 years 

11 4 40 Occipital glands enlarged No rash 

12 4 40 Generalized rnsh Patient feels ill 

17 4 40. Rnsh fading, but still faintly scon on faco and nook Epistavis (she 
docs not usually got epis taxes) Joint pains in knees Peels well 
1 5 40 Menstrual period duo. 

Case S, a girl aged 18 years 

8 5 40 Feels w ell Rnsh on faco, chest, and arms L submanllaiy gland 
enlarged No other glands enlarged Sbght conjunotmtis Menstruating 
11 5 40 Rash disappeared Sbght desquamation on face. 

21 5 40 Complatncd of ‘tingbngs 1 in both hands No objective sensory changes 
5 0 40 No furtbor ‘tingbngs’. 
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Case G (continued) 

27.4.40. Urticaria. Numerous wheals all over trunk Has never had an attack 
before 

10 C 40 Recovered from urticaria 

Case 7 , a young woman aged 21 years 

11 4 40 Ocoipital glands enlarged No rash 
12.4 40. Gcncralwcd rash Patient feels ill 

17 4 40. Rash fading, but still faintly 6een on face and neck Epistaxis (Bhe 
docs not usually got opista\es) Joint pains in knees Peels well 
1 5 40. Menstrual period duo. 

Case S, a girl aged 18 years, 

8 5.40 Feels w ell Rash on faco, chest, and nnn3 L submaxillar} gland 
enlarged No othor glands enlarged. Sbght conjunctivitis Menstruating 
1 1 5.40 Rash disappeared Slight desquamation on face. 

215.40 Complained of'tmghngs'm both hands No objective sonsory changes 
5 0.40 No further 'tinghngs’. 
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THE SYNDROME OE HYPOPITUITARISM 1 

By H L SHEEHAN and V K SUMMERS 
(From the Department of Pathology, University of Liverpool) 

With Plates 34 to 37 

The purpose of the present paper ib to clarify some aspects of the syndrome 
which results from loss of the anterior pituitary In a previous paper (Sheehan, 
1939) a specific analysis was made of the syndrome which results from post- 
partum necrosis of the anterior pituitary The present review is not restricted 
m that way, but includes all varieties of destruction of the gland The subject 
will be dealt with m two parts, firstly the pathological lesions which destroy the 
pituitary, and secondly the clinical syndrome whioh had been present m those 
patients who were proved at autopsy to have been suffering from such a destruc- 
tion of the gland The treatment of the disease will not be discussed 
In his original description, Simmonds (1914a) set up the one essential cri- 
terion of the disease, the Iobs of the pituitary It is necessary to emphasize the 
primary importance of this, the pathological basis of the syndrome, since it must 
be the foundation of accurate clinical diagnosis Simmonds’s description of the 
pathological lesions and the cluneal syndrome m his original patient was 
remarkably good in view of the fact that it was made over 10 years before 
the modern advances m pituitary physiology Nevertheless it cannot now be 
accepted as a full and completely accurate description of hypopituitarism m 
human patients The subsequent period saw the acceptance of a false syndrome 
with an emphasis on loss of weight as a characteristic feature This led to the 
publication of a great number of case reports of emaciated patients under the 
unproved diagnosis of Simmonds’s disease (Curschmaxm, 1929 , von Bergmann, 
1934 , Kylrn, 1936) Other workers during the past 10 years have attempted to 
place the cluneal diagnosis of hypopituitarism on a firmer basis With this 
purpose, Escamilla and Lisser (1942) made a very important critical analysis 
of the cases published as Simmonds’s disease They accepted as reliable only 
those cases whioh presented certain cluneal features that they regarded as 
essential for the true diagnosis These four cardinal characteristics were (1) Iobs 
of weight, (2) loss of sexual function, (3) asthenia, (4) a very low basal metabolic 
rate From the study of the cluneal records of the cases that they had accepted 
on this basis, and mainly on then Group A of 101 ‘typical cluneal cases with 
pathological verification’, they analysed m detail the cluneal syndrome of 
Simmonds’s disease However, a study of their 101 cases shows that only 37 
had severe pituitary lesions of long duration and uncomplicated by hypothala- 
mic pressure Furthermore, it is obvious that by their method of approach the 

1 Received November 20, 1948. 
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hypopituitarism. For this reason, eosinophil adenomas producing acromegalic 
effects and basophil adenomas associated with Cushing’s syndrome have been 
discarded Tumours with no clear evidence of secretory activity have been 
accepted 

(c) Certain of the pathological lesions m the pituitary which are associated 
with dwarfism have been cursorily mentioned m the pathological section, but 
are not considered in detail m the present review 
The seventy of the lesion This is probably the most important matter to 
bo discussed A direct relationship may reasonably be expected between the 
degree of destruction of the gland and the seventy of the resultant clinical 
symptoms It is surprising that, in the vanous reviews of Simmonds’s disease 
in the literature, very little attention seems to have been paid to the degree of 
destruction of the antenor pituitary Even very slight pathological alterations 
in the gland have been regarded as satisfactory proof of the existence of hypo- 
pituitarism if the ohmoai features were m conformity with the commonly 
accepted syndrome 

Each pathological process may produce any degree of damage to the 
anterior pituitary, ranging from negligible lesions up to almost complete de- 
struction of tbe gland. The present classification of the seventy of the lesions 
has been made purely on the morphological changes m the pituitary (the 
microphotographs and pathological description) without any regard to the 
clinical symptoms The pathological records are rarely sufficiently detailed to 
allow any accurate calculation of the percentage of the gland destroyed, but it 
is possible to classify the damage fairly satisfactorily into four degrees — severe, 
moderate, manor, and slight 

The term severe implies that the gland has suffered complete or nearly com- 
plete destruction, with only very trivial islets of parenchyma remaining Total 
destruction of the gland probably never occurs, whatever the pathological pro- 
cess , a sufficiently careful histological investigation nearly always shows small 
vestiges of parenchyma, although these may not amount to more than 1 or 2 
per cent of the gland Even surgical hypophysectomy may leave parts of the 
antenor lobe 

The term moderate covers cases with destruction of about three-quarters of 
the antenor lobe The remains of the parenchyma, although small, may be 
considered sufficient to maintain some effective function This group also 
includes a few cases where the pathological descnption is not veiy detailed, but 
the legion appears probably to have been of either severe or moderate degree 
The term minor indicates destruction of only about one-half of the lobe It is 
extremely doubtful whether such destruction is sufficient to produce any 
significant functional insufficiency 

Tbe term slight is applied to a senes of cases with destruction of one-quarter 
of the lobe or less The more tnvial of these cases would not ment considera- 
tion, were it not for the fact that they figure in many of the standard papers as 
classical cases of pathologically proved Simmonds’s disease The chief purpose 
of listing these cases here is to eliminate them from quotation in future 
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syndrome must inevitably contain tho four cluneal entona which trere set up 
initially ns cardinal characteristics No answer can be obtained to the question 
of whether tlicso aro in fact cardinal characteristics, and thus whether their 
cases w crc really ty'jncal 

Tho present review is based on a fundamentally different criterion, thepatho 
logical ono that Simmonds originally employed, namely, the concrete evidence 
of tho destruction of the anterior pituitary There can bo no doubt that this 
lesion must met itably produce a corresponding loss of function of the gland 
An analysis restricted to patients who were proved to have gross destructive 
lesions of tho anterior pituitary should thus give rehablo evidence as to what 
the clinical syndromo of severe hypopituitarism really is 


Part 1. Pathological Lesions of the Pitoitarv 

An initial stud} has been made of all available records of cases in which the 
pituitary was examined post mortem and found to show pathological lesions 
A number of theso have been discarded, such as cases with inadequate patho- 
logical data, cases with seriously inadequate clinical dnta, and certain others 
for reasons explained below Tho remainder have been retamed for more de- 
tailed analysis according to four particular features of the" pathological lesion 
The aetiology and pathology of the lesion This will be discussed subsequently 
and needs only brief mention here Tho anterior pituitary may be removed 
surgically It may ho destroyed by acute or subacute lesions, these may be 
scon m thoir early stngo, or m their final healed stage when they are represented 
merely by scar tissue It may bo destroyed by fibrosis of uncertain aetiology 
Finally it may bo obliterated by pressure from slowly growing tumours or cysts 
The duration of the lesion Lesions which are of long duration are of direct 
interest Thoso which aro of short duration fall into two categories 

(«) Acuto or subneuto conditions which arc potentially the early stage of a 
chromo fibrosis Theso can give no information about the clinical syndrome of 
prolonged hypopituitarism, but their pathological relevance is such that they 
merit consideration They includo recent necroses of whatever causation, 
granulomas, and other inflammatory processes 

(b) Purely terminal conditions have been discarded ns they cannot lead to 
long-stnndmg lesions Examples arc the involvement of the gland by malignant 
tumours, oither raotastatio or invading from neighbouring structures, miliary 
tuberculosis (Sohmidtmann, 1919), or surface involvement in purulent or 
tuboroulous meningitis 

Complicating factors The complications are of three mam types 
(a) The pressure effects on the hypothalamus and other neighbouring struc- 
tures produced by suprasellar masses It is difficult to differentiate certain of 
the effects of hypopituitarism from those of hypothalamio pressure, and these 
comphcated cases are therefore separated sharply from the accepted ones 
lb) Secreting tumours of the pituitary However severe the destruction of the 
remainder of the gland, such tumours cannot be considered as leading to true 
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Massive gummatous necrosis In this group of cases the pituitary is enlarged 
to about 1 6 to 2 0 gm in weight, but does not usually produce any local 
pressure symptoms There is a large necrotic mass m the anterior lobe, com- 
monly sprea din g to involve the posterior lobe also It is usually surrounded by 
a layer of granulation tissue showing giant cells and plasma cell infiltration 
Around this there is a fibrous tissue capsule whioh is sometimes firmly welded 
to the floor of the sella A considerable amount of evidence is available to 
indicate that the condition is syphilitic in origin In all of these patients there 
were gummata m the liver, and in five there were gummata m the skull bones 
The lesion appears probably to have been of short duration, as judged from the 
histology, but it is impossible to fix the time of onset of the lesion because few 
or no symptoms were produced. The patients were usually aged 40 to 60 years, 
and there was a str iking predominance of women It is of interest that nearly 
all these cases date from before the time when arsenical therapy for syphilis was 
mtroduced 

References 204 (4),F44, 125, F 46 , 270, F 44 , 14 (1), F 41 , 138, F 47 , 278, F 62 , 260, 
M 78 , 304, M 62 , 22, F 67 , 209, F 27 (In these lists the first number is that given in the 
References, the figure in brackets is the case number in the paper, and these are followed 
by the sex and age of the patient The order is that of the date of pubhcation ) 

Massive tuberculous caseation The pituitary is enlarged and consists mainly 
of a mass of caseous material, usually surrounded by granulomatous tissue con- 
taining giant cells of Langhans type In most cases both lobes are involved 
Pathologically the lesion is very similar to massive gummatous necrosis How- 
ever, m one case (Knoll, 1922) tubercle bacilli were found, and five of the patients 
had tuberculosis elsewhere in the body In three oases there was m addition 
a tuberculous meningitis in the region of the ohiasma, and two patients had 
associated tuberculosis of the sphenoid The patients were usually m the 20- to 
40-year age-group, and none showed any evidence of syphilis These lesions do 
not appear to have been of long duration Some of the patients had headaches 
for 10 to 20 weeks, and one had diabetes insipidus for a s imil ar period 
References 272, F 48 , 123, M 13 , 246, F 27 , 117 (2), F 36 , 160, M 23 , 162 (1), F 37 

Massive granulomatous necrosis of uncertain aetiology In these cases the entire 
pituitary was replaced by a mass of necrotic tissue surrounded by a granulo- 
matous reaction The pathological appearances were similar to those of massive 
gummatous neorosis or massive tuberculous caseation One of the patients was 
diagnosed as having a gumma of the cerebellum and another as having syphilis, 
but in both cases the Wassermann reaction was negative In the two cases in 
which data are available, there had been local pressure symptoms (diabetes 
insipidus and headaches) for one to two years 

References 16, M 17 , 291, F 13 , 292 (3) F 64, 40 (Gp 1, 1), F 67 , 303, M 37 , 60, F 9 
44 (8), F 23, 46 (1), M 31 , 45 (2), M 64, 42, F 65, 90, F 34, 91 (1), F 40 

Giant cell granuloma of the anterior pituitary In these patients there is replace- 
ment of nearly all the anterior pituitary by multiple small granulomatous 

IQJ.M New Beric* No 72] y. 
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Grouping of crises Tho eases arc analysed below in five mam sections, (1) acute 
lesions, (2) subacute lesions, (3) chrome fibroid lesions, (4) surgical hypo- 
phj scctomy, (fi) cysts and tumours In each of these sections they are divided 
into primary groups according to tho type of pathological process, with sub- 
classification according to tho seventy of the lesion The differentiation of the 
various pathological processes and the title allotted to each type is arbitnuy, 
and is based usually on tho morphological appearances, hut sometimes on the 
aotiology when this is reasonably well established 

Acute Lesions 

Tho lesion is nearly alw ays a necrosis of tho nntenor pitmtaiy The extent of 
tho necrosis \ nncs, and tho duration of tho acuto stage is a matter of days or, at 
most, a fou weeks At this stago thoro aro no obvious symptoms of hypo- 
pituitarism, though some of tho cases have been accepted as truo cases of Sim- 
monds’s diseaso by previous reviewers In tho later healed stage there will be 
pituitary deficiency related to tho amount of parenchymal loss Most of the 
literature on this subject has been reviewed elsewhere (Sheehan, 1937, 1948) 
Necrosis may bo duo to various factors, such as diabetes melhtus (Kotte and 
Vondcraho, 1910, Foldman, Roberts, Susselman, and Lipetz, 1947), sinus 
thrombosis (Woisman, 1944), birth trauma (Schmitt, 1923, Berbenoh, 1926), 
temporal artcntis (Jennings, 1948), or unknown factors (Urechia and Rete- 
zcanu, 1939 , Salomon and Lascnno, 1942) It can bo produced experimentally 
m animals (Dandy and Gootsch, 1910) But by far tho commonest cause (79 of 
tho 132 recorded necroses), and tho condition which leads to the largest necroses, 
is sovero circulatory collapse in an obstetno patient Tho usual cause of this 
circulatory’ collapso is shock and haemorrhage at about the time of delivery 
Tbcso necroses are not fatal in themselves and heal subsequently’, leaving a small 
scarred nntenor lobe Haemorrhage into tho anterior pituitary has only rarely 
been reported When it was in any way gross, the accounts are always strongly 
suggestive of bleeding mto a degenerating adenoma (Constobadie and Ryne, 
1924) 

Subacute Lesions 

Tho cases m this section aro those m which it seems probable that the patient 
died within a fow months after the onset of the pathological process In a few 
of tho coses tho hypothalamus was involved as well as the pitmtaiy , such 
lesions are probably always fatal m the early stages and thus do not give rise to 
chronic lesions In most of the cases, however, the lesion was confined to the 
pituitary and might well have healed to a scar if the patient had survived longer 
In tho subacute stago there are various degrees of seventy of pituitary damage 
but, as the conditions are still actively progressing, the cases have not been 
subdivided according to this aspect The present classification, m five special 
groups and one miscellaneous, is based essentially on the pathological appear- 
ances , the aetiologieal diagnoses of the onginal authors have not always been 
accepted In tho whole senes, only one patient (Herlant, 1946, Case 1J ba 
physical signs or pathological evidence suggesting a lack of pitmtaiy hormones 
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there was severe destruction of anterior pituitary tissue , m others the lesions 
were quite trivial 

Befert n «s 13, F 33, 28, F 38, 108, F 61, 206, H 49, 242 (3), M 26, 206, M 43, 147, 
M44, 80, F 16, 21, M 64, 306, M 24, 148, M 49 , 282, M 42 , 82, F 44 , 286, F 42 , 164, F 41, 
71, F 23, 199, M 47 


Chronic Fibroid Lesions 

This is a very large senes of cases, showing vanous degrees of long-Btandmg 
scarring, fibrosis, and atrophy of the pituitary The lesion is sometimes confined 
to the antenor lobe, and m other cases involves the entire gland It is very 
diffi cult, to arrive at a satisfactory classification for many of these cases Some 
appear to be slowly progressive fibroses of uncertain aetiology Others appear 
to be the late healed stage of acute or subacute conditions whioh oocurred many 
years previously, in these cases practically all evidence of the nature of the 
ongmaJ lesion has disappeared, and only a small scarred gland is left However, 
there is one large group (the post-partum necroses) in which the original lesion 
can be identified from the history The remaining cases have been subdivided 
chiefly according to their histological characteristics Some of these groups are 
probably homogeneous m aetiology , m others there may have been a variety of 
aetiologioal faotors leading to the same pathological appearance A number of 
dwarfs have been reported m whom the antenor pituitary ib very small and 
fibrous and there are numerous middle-lobe cysts These cases, which will not 
be discussed further, are probably due to developmental abnormalities of the 
gland (Hueter, 1905 , Simmonds, 1919 , Kraus, 1919 , Buchler, 1921 , Heinnohs, 
1931 , Katzonstem, 1933 , Apitz, 1938) In all, 13 separate groups of chrome 
fibroid lesions will be considered here 

Healed post-partum necrosis of antenor lobe This subject has been discussed 
m previous papers and need only be summarized bnefly In patients who have 
suffered an ischaemic necrosis of the antenor pituitary at delivery, the necrotio 
area gradually heals, leaving a loose fibrillar scar The areas of ongmally un- 
damaged parenchyma remain as small islets of healthy tissue The seventy of 
the general circulatory collapse which gives nse to the necrosis determines the 
size of that lesion, and this m turn determines the extent of the final scarring 
There are thus gradations in seventy of the ultimate damage to the gland The 
slight and moderate cases will not be considered in the present paper as they 
have been desenbed elsewhere (Sheehan, 1940, BdcRre and Simonnet, 1946) 
The cases classed as severe show destruction of practically all of the antenor 
pituitary , the amount of tissue loss with this lesion is quite as great as that with 
any of the other pathological processes The antenor pituitary appears to the 
naked eye as a loose network of fibrous tissue in the sella m front of a normal 
postenor lobe This fibrous tissue is sometimes condensed to a more sobd scar, 
or may even soften to a cystic structure Microscopically there is usually a 
small remnant of antenor pituitary tissue at the base of the stalk, and a few 
tiny islets of cells under the capsule , these are not fibrotic In the previous 
review a list was given of 33 examples of this lesion which had been proved 
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nodules resembling tubercles and histologically showing giant cell systems, but 
only rarely with control necrosis or caseation (A more detailed description is 
given in the Appendix ) There is also extensive infiltration by lymphocytes and 
plasma colls, and moderate fibrosis. The posterior lobe is sometimes involved 
m the more severe cases The pituitary is slightly enlarged, but rarely produces 
mi} local pressure symptoms Six of tho patients had similar lesions in the 
brain , two involving tho dura, one producing multiplo surface nodules on the 
temporal Ioba, cerebellum, and pons, while tho other threo patients had lesions 
diagnosed ns gummnta in tho brain Certain of theso patients were definitely 
G 3 *philitic, and in one caso spirochaotes were found in tho pituitary Two of the 
patients had boon suffering from diabetes mclhtus for two to threo years, and 
died subsequently from subarachnoid haomorrhago of indefinite aetiology The 
group niny moludo lesions due to several different causes, such aB syphilis, 
tuberculosis, or sarcoidosis, but most of tho cases appear to bo examples of a 
specific dmeaso process whoso notiology is unknown In ono non-fntal case of 
this tjpe (Coleman and Moreditli, 1940) tuborclo bacilh could not be found bj 
gumca-pig inoculation Certain of tho descriptions suggest that the giant cells 
arc formed from parenchyma colls, and that tho lesion is really analogous to the 
pseudo-granulomatous nodules m an atrophying thyroid Nearly all the cases 
described has o been in w omen aged 45 to G5 3 ears There do not appear to be 
any particular symptoms by which tho duration of tho lesion can be assessed, 
although somo of tho patients had ovidcnco of cerebral lesions for a year or 
tw o beforo death 

References 173, F 45, 207 (2), M 48, 107 (1),F47, 180, FOB, 300,F40,262(1),F63, 
202 (2), F 73 , 2C2 (3), F 01 , 202 (4), F 50, 202 (5), F 49, 97, F 32, 144, F 63, 54, F 43, 
105 (2), F 50, 77, F 00, 210 (2), M 28, 298, F 02 

Granuloma of hypothalamus and pituitary This group is characterized by a 
largo mass jn tho region of tho hypothalamus and chinsma, made up of small 
granulomatous nodules resembling tubercles The lesion extends down into the 
pituitary, whore it spreads out to involve the anterior and posterior lobes 
Sometimes tho nntonor lobe is more extensively involved than tho posterior, 
but in other cases the rev erso holds true The granulomas show control caseation 
and Langhnns giant colls without much round celled infiltration The pituitary 
itself is usually httlo altered m size Tho aetiology is uncertain , two patients 
had syphilis and two had tuberculosis It is of interest that the usual age 
incidence falls between 20 and 40 years, as in the cases grouped as massive 
tuberculous caseation The symptoms wore predominantly hypothalamic, 
three of tho patients had diabetes insipidus which lasted for a few months 
before death 

References 121, F C , 203 (1), F 30 , 117 (I), F 32 , 117 (3), F 21 , 242 (1), F 22, 02, U 32, 

33 (3), M 24, 102 (1), F 23, 217, F 33, 120 (1), F 36 

Miscellaneous subacute lesions This heterogeneous group contains examples 
of chroruo abscesses, slight chrome inflammation, actinomycosis, cystieercosis, 
sarcoidosis, lymphadenoma, and leukaemio infiltrations In some of the cases 
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Cystic degeneration of anterior lobe The anterior pituitary, though apparently 
normal on external appearance or only slightly shrunken, is found to he only an 
empty sac Its wall consists of a thin layer of fibrous tissue in which there are 
small islets of parenchyma , the inner surface of the wall is slightly shaggy, the 
lumen of the cyst is apparently empty The posterior lobe usually remains 
intact The condition may be caused by some gradual degenerative process m 
the anterior lobe, but there have been no descriptions of any early stage of the 
process Symptoms do not usually develop until late middle age, and most of 
the patients five for several years longer 

References Severe 223, M 50 , 146 (3), M 80 , 66, M 28 , 200, F 69 Moderate 30, F GO 

Capsular and interstitial fibrosis of anterior lobe The pituitary is small, usually 
about 0 36 to 0 4 gm , and there is atrophy of the anterior lobe The capsule is 
very much thickened by dense fibrous tissue Coarse bands of fibrous tissue 
run from the capsule through the substance of the anterior lobe, and subdivide 
the gland into islands of various sizes Near the surface these islands are usually 
small, as if a slowly progressive fibrosis were spreading m from, the capsule There 
is always a considerable amount of parenchyma remaining, though sometimes 
with some interstitial fibrosis and atrophic changes m the cells The posterior 
lobe is unaffected The aetiology of this particular * cirrhosis ’ is not clear, but 
the pathological ohanges are sufficiently uniform to suggest one common causa- 
tive factor There is insufficient information available to decide the incidence of 
syphilis in the group The patients may have a variety of symptoms, which do 
not appear to be of pituitary origin and have httle or no relation to the seventy 
of the pituitary lesion These symptoms usually ongmate at 30 to 46 years 
of age 

References Moderate 41, 110, M 52, 130, 140 (1), M 55, 35, F 09, 216, F 49, Minor 
20 (6), F 66 , 307 (3), F 24, 111,1' 52, 202 (2), F 42 , 184, F 64 , 118, 119, M 35 , Slight 284, 
M 29, 193, M 29 


Interstitial fibrosis of anterior lobe Some of these cases are similar to the group 
classified as capsular and interstitial fibrosis, but the lesion is much less severe 
and, in particular, there is no record of thickening of the capsule The pituitary 
is either of normal size or shrunken There is a slight increase of connective 
tissue diffusely through the antenor lobe The postenor lobe is normal There 
is no evidence to indicate the aetiology of this lesion, though cerebral arterioscle- 
rosis may possibly play a part Interstitial fibrosis appears to be a common 
finding m a variety of diseases In addition to the individual cases listed below, 
several senes have been recorded in less detail Thaon (1907) desenbed this 
lesion m 13 patients with pulmonary tuberculosis, Parhon and Bnesse (1922) m 
eight cases of insanity and epilepsy, Morse ( 1923 ) m nine cases of dementia 
precox, Simonds and Brandes (1926) m seven senile patients, Rizzi (1941) in 
15 babies with congenital syphilis, and Goldzieher (1946) in rune cases of 
obesity 


References Minor 52, 63, M 47, 307 (5), F 35, 108, F 43, 249, F 04, 170 (2) F 47 
178 (2), F SO, 302, 3, F 25 Slight 87, M 68, 7, M 43 , 44 (7), M 43 , 277 (0), F 53 29613b)' 
— , 237 (1), M 20, 245, M 00, 177, F 70 ' ’ 1 h 
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pathologically , 20 further eases of eovoro grade are listed below The date of 
onsot of the diseaso is accurately known in nearly all the cases naturally it is 
nearly nlw ays when tbo patient is between 20 and 40 years old 


References Seicrc 220, F 33, 273, 27 4, F 38, 80 (1), 85 (3), F 45, 116 (RR ) F 40 
108, 1- 00, 85 (2), F 42 , 85 (4), F 43, 183 (1), F 43 , 183 (2), F 40, 180, F 49 , 197 (5), F 35' 
107 JO), F , 107 (7), F - , 30 (2), F 03, 30 (3), F 51 , 290, F 51 , 181 (2), F 68, 300 (1), 
301 (1), 03 (3), F 45, 37 (2), F 48, 250, F 38, 143 (1), F 00, 230, F 44, 67, F 59, 289 (6), 
F 35, 208 (25), F 67 , Appendix (a.), F 33 , Appendix (RG), F 34, Appendix (FL), F 51 ] 
Appendix (TJl), F 52 Uncertain seventy 151, F 00, 03 (AN), F 39, 63 (SIT), F 01 


Clinical cases of healed post-partum necrosis It is convenient at this point to 
interpolate a group of clinical cases duo to post-partum necrosis These do not 
fulfil tho basic requirement of pathological venficntion, and are thus not 
accepted in tho present review as proved cases Tho diagnoses are, however, 
rolmblo , the patients had obstetric histones clearly indicative of a post-partum 
necrosis, and subsequently dci eloped exactly tho same syndrome as occurred in 
tho pathologically proved cases A few died but had no post-mortem examina- 
tion of tho ]»tuitary. In tho previous review, 19 clinical cases of post-partum 
necrosis were anafysed Tho present review deals with 51 further severe cases 
Tho caso of Vnndcnbroeck and Fenn (1947) is a complicated one, as the necrosis 
appears to have been due to tho combination of premature delivery with 
diabetes mclhtus Tho case of Mcrhno (1941) and cases TR and CR of Daugha- 
day, Wilhams, and Daland (1048) are not sufficiently detailed for inclusion in 
tho senes. 

References Scicrc 81 (12), F 38, 215 (1), F 30, 1, F 35, 175, F 31 , 233, F — , 257 
(Gp A) 8 cases , 257 (3), F 47 , 257 (4), F 37 , 257 (5), F 33 , 257 (0), F 28 , 11, F 29 , 275 (6), 
F 23 , 275 (7), F 31 , 107, F 4S, 271 (0),F38, 107 (3), 00 (1), 181 (1),F30, 197 (4), 96(2), 
F 54 , DO (3), F 34 , 00 (4), F 32 , 50 (2), F 29 , 37 (1 ),F 02, 143 (2), F 62 , 143 (3), F BO, 
133, F 35, 101, F 40, 48, T60, 289 (1), F 63, 280 (2), F — , 269 (3), F — , 289 (4), F-, 
12, F 48, 268 (H), F 45, 2SS (R), F 47, 280, F 35, 208 (24), F 30, Appendix (PJI), F 37, 
Appendix (SM), F 34, Appendix (MY), F 43, Appendix (RB), F 43, Appendix (DV), 
F 47 , Appendix (BS), F 35 , Appendix (AM), F 38 , Appendix (AG), F 49 , Appendix (DL), 
F 50. 


Indeterminate scarring of anterior lobe In this group the pathological appear- 
ances are very similar to those of healed post-partum necrosis, and suggest that 
tho lesion may ho the healed stage of some necrosis of uncertain ongin It 1 s 
possible that a few of the cases may actually be healed post-partum necroses, 
hut there is no clinical evidence to support this view On the other hand, tho 
scarred stage of a granuloma or of somo other pathological process might give 
a similar picture The pituitary is very small The anterior lobe consists of 
a shrunken mass of acellular connective tissue with very small islets of remaining 
glandular tissue The posterior lobe is normal In this group are included four 
cases in which the pathological data are incomplete 
References Severe 203 (4), F 35, 43, M 40, 187 (7), F 72, 176 F 76 300 (6) 301 (6), 
03 (2), F 47 , 120 (2), M 60 , Appendix (ON), F 77 Moderate 137, F 52, ( . ' 

155 (0). F 190, F 04 , 29, F 00, 128, F 60, 142 (2), F 42, 78, F 01 Minor .87, M 44 , 

135, M 23, 07 (1), F 40 
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pressure at the time of onset of the disease The ‘empty Bella’ lesion probably 
develops in middle age or later, and may be present for several years before 
death 

References Severe 194, F 61, 208, 209, M 68, 4, F 48, 114, F 40, 251, F 62, 120 (4), 
F 64 Moderate 221 (24), M 64 , 34 (2), F 69 Minor Appendix (MG), F 63 

Healed tuberculosis of the pituitary The appeaTanoes in these cases have many 
similarities to those seen m healed granuloma, but there is a definite description 
of caseation in the centre of the nests of epithelioid cells Case 2 of Berbhnger 
(1939) was proved to have still smouldering tuberculosis by the finding of acid- 
fast bacilli in the lesions The other two cases were not proved baotenologioally 
References Severe 163, F 26 Moderate 34 (4), F 41 , 24 (2), F 52 

Healed gummatous necrosis of pituitary This small group of cases appears 
possibly to represent the very late healed stage of pituitary gumma The clinical 
history is usually characteristic Three of the patients had a sudden onset 
of suprasellar symptoms, including diabetes insipidus and optic nerve pressure 
These local symptoms gradually disappeared The similarity to the Bymptoms 
of various of the subacute lesions discussed previously will be noted At 
autopsy 10 to 24 years later the pituitary was represented by a flattened maBS 
of dense scar tissue, in whioh there were sometimes small islets of non-fibrotie 
parenchyma The posterior lobe was either unrecognizable or was small and 
grossly fibrotio The patients had clear histones of syphilis and had gummatous 
scarring of their livers In peculiar contrast to the cases of active gummata 
discussed m the section on subacute lesions, these patients were ohiefly male, 
the onset of symptoms was at age 17 to 30 years, and the ongmal lesion had 
been large enough to produce suprasellar pressure 
References Severe 228, 229, M 20 , 62, M 49 Moderate 186, F 34, 89, M 60 

General scarring of pituitary In this group there is very extensive scarring of 
the whole gland, including the postenor lobe The pituitary is very small in the 
severe cases The antenor lobe consists of scar tissue m which there are islets 
of fibrotio or non-fibrotic parenobyma The postenor lobe is usually involved 
less severely, but is sometimes unrecognizable This is probably a heterogeneous 
group, and vanous aetiological factors may be responsible The pathological 
descriptions are sometimes very deficient in detail 

References Severe 96, M — , 213, F 60 Moderate 80 (2), 86 (1), M 60, 180 (2), M 48, 
174, F 53 

Fractured' base of shtdl Trauma has been put forward as the explanation of 
vanous cases of pituitary fibrosis, but m many of them gonadal function appears 
to have continued unimpaired for several years after the head injury Only two 
examples have been found of head injury as an undoubted cause of pituitary 
damage In one of these cases the antenor lobe was extensively scarred and 
the postenor lobo unrecognizable , m the other there was some scamng m the 
antenor lobe, but the postenor lobe was normal 
References Severe 231, M 34 Minor 244, M 28 
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Cylological changes and atrophy of anterior lobe The gland JS sometimes 
slightly reduced in size or may appear macroscopically normal It shows tonal 
or doubtful histological changes of vnnous types, suchasatrophicappearancesor 
ojdologicnl disturbances of parenchyma cells, dilatation of capillaries, <5Lc The 
pationts in this group cannot bo considered to have suffered from significant 
loss of pituitary tissue, and the changes often appear to be little more than the 
results of post-mortem nutolysis and poor fixation 

Reference-! Slight 200, 307 (4), 207 (1), F 42, 225 (1), M 38 , 27, M 41 , 250 (1), 25, F 24, 
170 (3), M 50, 170 (17), F 21 , 170 (22), 171 (11), F 18, 191, F 48, 76 (2), F 17, 20,F21, 
17, M 72, 100, M 14, 06, F 28 

Healed granuloma of anterior lobe This group is separated from the other 
fibroid lesions because the histological appearances suggest the healed stage of 
tlio giant coll granuloma of the anterior lobe which has been discussed under 
tho heading of subacute lesions In what are probably the more recent cases the 
pituitary is of normal size, but in the presumably longer-standing cases the 
gland becomes very small (0 2 to 0 3 gm ) and may finally be represented 
mainly by a lajcr of scar tissue on tho floor of an ‘empty sella’ The anterior 
lobo is extensively scarred and contains small groups of cells of ‘epithelioid’ 
appearanco with occasional giant cells Tho origin of these giant cells is in 
dispute, ns noted in connexion w ith tho subacute lesions Small foci of calcifica- 
tion are commonly present Lymphooytic infiltration is variable The posterior 
lobe is normnl or inn} show a slight surface involvement by tho granulomatous 
process Most of tho patients are women m tho 45- to 65-year age-group 

Reference* Severe 237 (3), F 62, 23, M 50, 34 (1), F 51 , 102, M 64, 120 (3), F C6 
Moderate 70 (1), F 50, 152 (2), M 44, Appendix (WL), F 09, Appendix (PL), F 62 

Empty sella Tlus is a particular type of scarring m which, at the post-mortem 
examination, tho sella turcica appears to bo quite empty, but histological 
examination of tho floor of the sclJa shows that there is a dense layer of fibrous 
tissuo enclosing n v cry thin lamina of anterior lobe parenchyma The posterior 
lobo may bo fairly well preserved , it may be shrunken into the fibrous tissue at 
tho back of the solla , it may sometimes bo quite unrecognizable If the brain 
is removed carefully, it is possible to observe the delicate attachment of the 
pituitary stalk to the floor of tho sella (The scaphoid pituitary sometimes seen 
in routino autopsies may bo a very minor degree of the lesion ) The condition 
is anatomically very similar to that seen when the pituitary Las been severely 
compressed by a suprasellar tumour, and certain authors have suggested that 
the condition was originally produced by pressure from a large cyst which sub 
sequently disappeared completely Such an explanation may be considered 
fanciful, but it has tho mont that it gives a vivid mental picture of the appear- 
anco of tho sella m theso cases A more plausible but quite unproved hypot mis 
is that the condition is the healed stage of a giant cell granuloma cystic de- 
generation, or gumma of the pituitary , firm adhesion between the sella and e 
under surface of tho pituitary would lead to a very flattened scar Only one 
the patients hod had syphilis and none gave a history suggesting y 
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m the literature What has been done is to take a fairly large sample of the 
published cases, including m particular those in which post-mortem examination 
showed severe destructive changes m the pituitary, and also those in which a 
diagnosis of Simmonds’s disease was put forward in the case report It is 
beheved that the senes analysed, while not comprehensive, is at any rate 
representative of the entire group Cysts of Rathke type, both intrasellar and 
extrasellax, have been recorded m dwarfs (Benda, 1900, Kon, 1908, Pnesel, 
1920 , Nonne, 1922 , Koch, 1926 , Altmann, 1930 , Baker and Craft, 1940 , Row- 
lands, Simpson, Russell, and Turnbull, 1942) These will not be considered 
further 

Intrasellar simple cysts The lesion m this group is a smooth-walled cyst, 
usually lined by columnar or cubical epithehum, and occupying the centre of 
the pituitary The gland as a whole is thus somewhat enlarged The larger 
oysts, which may be as much as 2 cm m diameter, lead to a pressure atrophy 
of the antenor and posterior lobes Sometimes the cysts are smaller so that they 
produce only moderate pressure effects, and at the lower end of the series they 
appear to be merely examples of large ‘middle lobe cysts’ They probably 
originate from remnants of the Rathke process There is no evidence as to when 
the cysts reach their full size, and thus as to their significant duration 

References Severe 30 (1), F 01 , 68, M 27 Moderate 81(45), M 66 Minor 146,307(2), 
164, M 28 , 296 (3a), M — Slight 202 (1), M 36 , 64 (1), F 69 , 64 (2), M 17 

Intrasdlar cholesterol cysts This is a group of intrasellar ‘cysts’ which have 
a sufficiently distinctive appearance to warrant their consideration under a 
separate heading from simple cysts The pituitary is usually enlarged to about 
twice its normal size, and to the naked eye the anterior lobe appears to be 
replaced by a yellow mass Microscopically this consists of a large centre made 
up of solid eosinophil material, homogeneous or finely granular, m which there 
are numerous cholesterol crystals and small calcified spherules At the periphery 
there is a thick layer of fibrous tissue containing haemosidenn, either free or in 
phagocytes In some cases there is an epithelial linin g of part of the cyst, either 
columnar or low squamous Around the mass are the flattened remains of the 
anterior lobe, with the capsule of the gland stretched over its surface The cyst 
seems to originate in the substance of the antenor lobe , the postenor lobe is 
normal or compressed The aetiology of the lesion is uncertain Healing gumma 
or tubercle, an encysted old haemorrhage, complete thrombosis of an aneurysm, 
necrosis of an adenoma, Hand-SchuUer-Chnstian disease, and a special type of 
Rathke cyst have all been suggested The evidence on the matter is incon- 
clusive, but the last of these explanations appears the most probable The 
duration of the lesion is also uncertain, but symptoms do not usually ongmate 
before middle age However, Erdheim (1916) recorded a cyst of this type in 
a 38-year-old infantile dwarf 

References Moderate 31, M 21 , 283, F 33 , 131, F 67 , 192 (1), M 40, 169, F 52 , 36 M 
67 , 32, F 45 Minor Appendix (BL), M 08 
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HypopJiysectomy 

There nro many records of tho surgical removal of pituitary tumours where, 
111 tho course of tho operation, most of the remaining pituitary gland appears to 
have been removed ns w ell Thcso cases are too complicated by the effects of 
tho tumour to be of present significance, and usually lack autopsy verification 
Only two cases linv o been found of deliberate operative removal of the apparently 
normal pituitary m human beings Chabamer, Pucch, Lobo-Onell, and Lelu 
(1030) removed the pituitary from a man aged 24 years suffering from severe 
diabotes. This controlled the hypcrglyenemia bnt, six months later, the patient 
developed pulmonary tuberculosis, beenmo severely emaciated, and died 
Elden (1030) recorded a hypophvscctomy for epilepsy in a 16-year-old negress 
The clinical details arc also given by Stephens (1030, 1040) The patient died 
siK jears later, and at autopsy (Elden and Ivummer, 1043) it was found that only 
nbout 10 per cent of the gland remained The adrenals, thyroid, and genitalia 
were atrophic, pubic and axillary hair was lost, and amenorrhoea had been 
present since tho operation Tho patient lost 22 lb m w eight after the operation 
and then regained 27 lb , at death at ago 22 years she appears to have been of 
normal nutrition, with a weight of 128 lb 

Cysts ami Tumours 

These growths produce pressure atrophy of the pituitaiy as a result of then- 
position in relation to the sella Three general matters need to be mentioned 
before tho groups arc considered in detail 

1 Tho growths fnll into two mam divisions The first consists of purely 
intrasellar growths with no pressure on the orerlymg structures The effects 
arc strictly those of hypopituitarism, and theso cases are thus of direct value in 
the present studv The second main division is made up of what may be called 
cxtrnscUnr growths These originate either abov e or below the sellar diaphragm, 
and project both upwards and downwards Thus they press not only on the 
pituitary, but also on tho chmsma, hypothalamus, and the brain above Tho 
non-pituitury pressure gives nso to a variety of general effects which may vaiy, 
not onl\ according to tho site of tho pressure, but also according to whether the 
mass is progressive m si 7 c or has reached a stationary condition 

2 Tho sovcrity of tho pathological lesion of the pituitary is often uncertain 
Tho tumour spreads out tho remains of the pituitary as a thin layer, often with 
quite a largo area This layer may be either on the upper surface of the tumour 
or in tho fibrous floor of an apparently empty sella The assessment of the 
amount of remaining parenchyma requires, what is very rarely attompte , a 
quantitative histological study of serial sections of the entire area where there 
may bo pituitary tissue Thus the sub-classification of this group acco g 
the seventy of the lesion is probably much more liable to error than that m e 

other groups , , , n 

3 It ib clearly impossible, within the limits of the present article, to gi 
complete hat of the enormous number of pituitaiy tumours and cysts recorded 
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in the literature What has been done is to take a fairly large sample of the 
published cases, including in particular those in which post-mortem examination 
showed severe destructive changes m the pituitary, and also those in which a 
diagnosis of Simmonds’s disease was put forward m the case report It is 
beheved that the senes analysed, while not comprehensive, is at any rate 
representative of the entire group Cysts of Ratbke type, both intrasellar and 
extrasellar, have been recorded in dwarfs (Benda, 1900, Kon, 1908, Pnesel, 
1920, Nonne, 1922, Koch, 1926, Altmann, 1930, Baker and Craft, 1940, Row- 
lands, Simpson, Russell, and Turnbull, 1942) These will not be considered 
further 

Intrasellar simple cysts The lesion m this group is a smooth-walled cyBt, 
usually lined by columnar or cubical epithelium, and occupying the centre of 
the pituitary The gland as a whole is thus somewhat enlarged The larger 
cysts, which may be as much as 2 cm in diameter, lead to a pressure atrophy 
of the anterior and posterior lobes Sometimes the cyBts are smaller so that they 
produce only moderate pressure effects, and at the lower end of the senes they 
appear to be merely examples of large ‘middle lobe cysts’ They probably 
originate from remnants of the Rathke process There is no evidence as to when 
the cysts reach their full size, and thus as to their significant duration 

References Severe 30 (1), F 61 , 08, M 27 Moderate 81 (46), M 66 Minor 146, 307 (2), 
164, M 28 , 206 (3a), M — Slight 202 (1), M 36 , 64 (1), F 60 , 04 (2), M 17 

Intrasellar cholesterol cysts This is a group of intrasellar ‘cysts’ which have 
a sufficiently distinctive appearance to warrant their consideration under a 
separate heading from simple oysts The pituitary is usually enlarged to about 
twice its normal size, and to the naked eye the antenor lobe appears to be 
replaced by a yellow mass Microscopically this consists of a large centre made 
up of solid eosinophil material, homogeneous or finely granular, m which there 
are numerous cholesterol crystals and small calcified spherules At the periphery 
there is a thick layer of fibrous tissue containing kaemosidenn, either free or in 
phagocytes In some cases there is an epithelial lining of part of the cyst, either 
oolumnar or low squamous Around the mass are the flattened remains of the 
anterior lobe, with the capsule of the gland stretched over its surface The cyst 
seems to originate in the substance of the antenor lobe , the postenor lobe is 
normal or compressed The aetiology of the lesion is uncertain Healing g umm a 
or tubercle, an encysted old haemorrhage, complete thrombosis of an aneurysm, 
necrosis of an adenoma, Hand-Schiiller-Chnstian disease, and a special type of 
Rathke cyst have all been suggested The evidence on the matter is incon- 
clusive, but the last of these explanations appears the most probable The 
duration of the lesion is also uncertain, but symptoms do not usually originate 
before middle age However, Erdheim (1916) recorded a cyst of this type in. 
a 38-year-old infantile dwarf 

References Moderate 31, M 21 , 283, F 33 , 131, F 67 , 102 (1), M 40 , 160, F 62 , 36, M 
07 , 32, F 46 Minor Appendix (BL), M 68 
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Intrasellar tumours These arc usually adenomas or angiomas The adenomas 
form a small group between the very common microscopic adenomas of the 
anterior lobe, which do not produco any significant pressure effects on the 
gland, and tho latgo tumours which nso out of tho Bella and compress all 
neighbouring structures 


Reference n Sucre 201 (2), F 0 Moderate 
207 (3), F 41 


105 (0), F 54, 170, F 33 Minor 


129, F2S, 


Exlrascllar cysts Most of tho cy sts arc of tho general group of Rathke poach 
cysts nnd craniopharyngiomas There is a great variety of pathological ap- 
pearances, including simple cysts lined by squamous or columnar-colled epi- 
thelium, papilhforous cysts, and various intermediate stages up to the solid 
craniopharyngiomas Somo of tho cysts appear to bo duo to degeneration of 
\ nrious types of tumours , theso may finally appear as fibrous-walled oysts, 
with only a trnco of tumour tissuo in tho wall to indicate their origin In the 
majority of cases tho cysts originate m the suprasellar region As well as com- 
pressing the pituitary, tlioy sometimes spread far up into the third ventricle 
nnd occasionally extend for large distances into tho frontal or temporal lobes, 
with correspondingly great cerebral disturbances (Tlubaut, 1947) 

References Sciere 40(Gp 4, 3),F35,240,F32, 100 (5),5I29, 106 (G),F 19, 120,51 37, 
81, F 20; 210, F 54 . 103 (8), F 25 Moderate 00 (1), M 35, 150, F 20, 230, M 27, 132 (3), 
M 27, 11 G, M 38, 275 (3), M 40, 83, F 20, 70 (2), M 02 Minor and Slight 153, 51 30, 
33 (2), M 44, 08.M48, 10 (11), M 27, 243, M 22, 134, F 23, 113 (1),5I24 


Exlrascllar tumours The main pathological processes prodnemg extrasellar 
tumours are ns follows 

1 Craniopharyngioma Tins includes the non-oystic developmental abnor- 
malities related to Rothko's pouch There is a great range of pathological 
appearances , tho tumours may show various types of epithelium, adamantinoma, 
bono, or other structures The moss usually originates in tho suprasellar region , 
it may grow mainly in tho sella or mainly m the lower part of tho brain 

2 Pituitary adenoma, or rarely carcinoma These tumours are usually solid, 
but sometimes becomo cy stio, as mentioned above They* usually originate m 


the sella, but later push up into tho tissues above 

3 Miscellaneous conditions, such as gbomas from the hypothalamus, menin- 
giomas of the suprasellar region, angiomas of the pituitary stalk, tumours of the 
sphenoid bono, and other masses of this type 

In many of tho cases there is an astonishing lack of symptoms, despite gross 
compression of tho pituitary' and apparent destruction of most of the hypo 

thalamus Theso are usually tumours of very slow growth and very long duration 


References Severe 127, M 20, 220 (2), M 35, 261 (1), M 68, 109, 5158, 46, F 29. 1-2 (1), 
M 02 , 130 (3), 51 40 , 130 (4), F 45 , 105 (5), F 05 , 103 (1), F 20, 103 (4), F 30 . 9 (- , - 

205, F 20, 103 (8), F 27 , 104 (4), 51 45 Moderate 8, F 17 , 168 (2), M 32, 51 .(33), » 

102 (2), 103 (0), M 42 , 105 (0), 51 60,232 (2), 51 65,2,5150,237 (3), 51 65, 163 ( ), • 

9 (3), F 31 , 03, 51 02 , 103 (10), 5r 10 ,160, MSS, Appendix (AT), M 64 Minor mi St g 
100 (4), 51 43, 58 (2), 51 10, 139 (1), M 70, 219 (1), F 54, 207 (Sect 3, 1), 51 1 , H, 

51 10, 293, 51 27, 103 (8), 51 40, 222, 51 22, 275 (2), F 21, 113 (2), F 36, 1-, > 


F 62 
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Past 2 Analysis of the Syndrome 

From the above pathological analysis, a selection has been made of the cases 
of value for the study of chrome severe hypopituitarism For the reasons 
explained previously, the acute and subacute lesions, the extrasellar tumours 
and cysts, and the moderate, minor, and shght degrees of the other lesions can- 
not be accepted as giving a true picture of the complete and uncomplicated 
syndrome These exclusions cover a large number of the cases commonly 
quoted as typical examples of Simmonds’s disease The 96 cases accepted here 
as rehable examples of chrome severe hypopituitarism consist therefore of the 
pathologically severe chrome fibroid lesions, the pathologically Bevere intra- 
sellar cysts and tumours, and the surgical hypophyeectomies For purposes of 
comparison, various findings from the 70 cases of clinical post-partum necrosis 
will also be analysed It is to be emphasized, however, that the conclusions 
about the syndrome are based primarily on the accepted cases with post- 
mortem verification, and that the clinical cases are used ohiefly to fill out the 
information on biochemical changes In a few sections details will be given 
from the unaccepted groups for purposes of comparison with the true syndrome 
Onset and duration of the disease Most cases of hypopituitarism result from 
a catastrophic destruction of the gland, such as ischaemic necrosis For the 
first few weeks there is little evidence suggesting an endocrine deficiency, apart 
from failure of laotation if the onset was at delivery Subsequently there is a 
gradual development of chronic ill health In a few cases the gland is destroyed 
rather quickly by some lesion, such as a gumma, whioh gives rise to local pres- 
sure symptoms, for example, diabetes insipidus or nerve palsies By the time 
these effects have disappeared, it is noticed that the patient is not in normal 
health In patients with tumours or cysts there may be a gradual development 
of symptoms suggestive of hypopituitarism These symptoms may have lasted 
from childhood or for many years before death, or they may be only terminal 
manifestations Most of the cases of fibrosis of uncertain aetiology are recognized 
only during their final illness On investigation it is found that they have had 
symptoms for several years, but it is rarely possible to establish the date of 
onset with any exactness Many reports give no information to indicate the 
duration of the disease, but in most of the cases of post-partum necrosis and in 
a few of the others it is possible to fix the exact date of the pituitary damage 
It appears from the following figures that most of the patients hve for five to 
16 years, but that occasionally they survive for as long as 40 years after the 
occurrence of the pituitary damage 

Duration tn years 1 to 4 6 to 9 10 to 14 15 to 19 20 to 24 25 to 29 30 to 40 

Number of cases 12 18 18 10 8 8 0 

General Pathological Changes 

The pathological changes found m the rest of the body, excluding the 
pituitary, will be considered at this point, because they account for the physical 
Bigns that can be found during life, and because they provide a rational basis for 
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Intrasellar tumours These are usually adenomas or angiomas The adenomas 
form a small group beta cen tho very common imcroscopio adenomas of the 
anterior lobe, which do not produco any significant pressure effects on the 
gland, and tho largo tumours which rise out of tho sella and compress all 
neighbouring structures 

lle/craicrs Severe 201 (2), F 0 Moderate 105 (5), F 04, 170, F 33 Minor 129’F28, 
*.0/ (3), 1' 41 


Extra sellar cysts Most of tho cysts are of tho general group of Rathke pouch 
cysts and craniopharyngiomas There is a great variety of pathological ap- 
pearances, including siniplo cysts lined by squamous or coluinnar-ceUed epi- 
thelium, papilbforous cysts, and various intermediate stages up to the solid 
craniophnn ngiomns Somo of tho cysts appear to bo duo t-o degeneration of 
various ty pcs of tumours , these may finally appear as fibrous-walled cysts, 
with only’ a traco of tumour tissuo in tho wall to mdicato their ongin In the 
majority of cases the cy sts originate in the suprasellar region As well as com- 
pressing the jiituitary, thoy sometimes spread far up into the third ventricle 
and occasionally extend for largo distances into tho frontal or temporal lobes, 
with correspondingly great cerebral disturbances (Tlnbaut, 1947) 

Reference* Scxere 40(Gp 4, 3), F 35, 240.F32, ICO (5), 3120, lCfi (0),F 19, 120, M 37, 
f>4, F 26 . 210. F 64 , 103 (8), F 25 Moderate 09 (1), 31 35, 150, F 20, 230, II 27, 132 (3), 
M 27 , 1 1G, 31 33 , 27G (3), M 40 , 83, F 20 , 70 (2), M 02 Minor and Slight 153, 31 36, 
33 (2), M 44, 98, M 48, 10 (11), 31 27, 243,3122, 134, F 23, 113 (1), M 24 


Extrascllar tumours Tho main pathological processes producing extrasellar 
tumours nro ns follows 

1 Craniopharyngioma Tins includes the non-oystic developmental abnor- 
malities related to Rathhe's pouch There is a great range of pathological 
appearances , the tumours may show various types of opithehum, adamantinoma, 
bono, or other structures The mass usually* originates m the suprasellar region , 
it may grow mainly’ m the solln or mainly* in the lower part of the bram 

2 Pituitary adenoma, or rarely* carcinoma These tumours are usually* solid, 
hut sometimes bccoino cvstic, as mentioned above They* usually originate m 
tho solln, but later push up into the tissues above 

3 Miscellaneous conditions, such ns gliomas from tho hypothalamus, menin- 
giomas of tho suprasellar region, angiomns of the pituitary* stalk, tumours of the 
sphenoid bone, and other masses of this type 

In many of tho eases there is an astonishing lack of symptoms, despite gross 
compression of tho pituitary and apparent destruction of most of the hypo 
thalamus These arc usually tumours of very slow growth and very long duration 


References Revere 127, M 20, 220 (2), M 35, 201 (1), M 68 , 109, M 58, 46, F ’29 I, ,122 ( ). 
31 02, 139 (3), 31 40, 130 (4), F 46, 105 (5), F 05, 163 (1), F 20, 163 (4), F 30 , 0 (2), < 

205, F 20 , 103 (8), F 27 , 104 (4), M 45 Moderate 8, F 17 , 158 (2), M 32 , 61 [33). ■ 

102 (2). 103 (0), M 42, 105 (0), 31 50,232 (2), 31 65, 2, 31 60, 237 (3), M 65, 163 ( ’ 

0 (3), F 31 , 93, 31 02, 103 (10), 31 10, 196, 31 55, Appends (AT), 31 64 Minor and St ff 
160 (4), 31 43, 68 (2), 31 10, 139 (1), 31 70, 210 (1), F 54, 207 (Sect 3, I), > < • 

31 10, 293, 31 27, 103 (8), 31 40, 222, 31 22, 275 (2), F 21, 1 13 (-), F 36, 2 , 
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indicate how long a tune is required before the atrophy is clearly recognizable 
The details of the atrophy of each individual gland m severe hypopituitarism 
are as follows 

Adrenal The glands are small and thin The cortex is reduced to about 
0 2 to 0 4 mm in thickness instead of the normal 1 to 2 mm. The remaining 
cortical parenohyma is very atrophic, but is not fibrotio It contains a normal 
amount of lipoid, and probably represents mainly zona fasciculate The zona 
glomerulosa is obscured by a great fibrous thickening of the capsule The zona 
reticulata has usually disappeared completely , it is replaced by a broad layer 
of fibrous tissue which forms a sharp boundary between the cortex and medulla 
There are no pigmented parenchyma cells on the outer side of this layer, and 
no islets of cortical cells beneath it m the medulla The medulla remains almost 
unaffeoted, and thus appears very prominent in sections The combined weight 
of the two glands in 26 cases averaged 4 7 gm with a range of 2 2 to 7 8 gm , 
the corresponding range for the normal adult is 10 to 15 gm The persistence of 
the medulla and thickening of the fibrous capsule maintain the weight of the 
whole gland higher than might be expected from the great atrophy of the 
cortex However, if the combmed weight of the glands is over 7 gm , the exis- 
tence of cortical atrophy can be accepted only if the histological evidence is 
definite 

Thyroid The gland is small , m 28 cases it had a mean weight of 7 gm with 
a range of 2 to 11 gm , as compared with the normal weight of 20 to 30 gm T 
Histologically it Bhows a variety of appearances 

(a) Most commonly (26 cases) there is a well-marked atrophy of the acini, 
whioh are very small and fined by a fiat and apparently inactive epithelium 
These acini are usually full of colloid, though this may be only weakly oxyphil 
Lymphoid infiltration may accompany the atrophy (eight of the 26 oases) 

(b) Frequently (19 cases) a more severe lesion is present, there is extensive 
fibrosis throughout the gland, so that the atrophic thyroid acini are broken up 
into small groups Lymphoid infiltration is a very common accompaniment 
(14 of the 19 cases) 

(c) At other times (15 cases) the fibrosis becomes so severe that the thyroid is 
represented only by a small mass of dense scar tissue, which can scarcely be 
recognized histologically as thyroid These changes are as severe as m true 
myxoedema More significant information about the loss of parenchyma is 
obtained from histology than from the weight of the gland Some of the thyroids 
weighing 8 to 11 gm consisted almost entirely of fibrous and lymphoid tissue, 
so that the parenchyma formed only a small proportion of the total weight 

Gonads and genital tract Female The essential lesion is an atrophy of the 
ovanes, and a super-involution of the uterus, vagina, and vulva The changes 
are similar m type to those occurring after the menopause (though greater in 
seventy), and for this reason even an extreme degree of genital atrophy after the 
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tho various symptoms Tho most important of thcso chongos „ the atooph „f 
10 adrenal corto\, thyroid, gonads, and, secondarily, of the genital tract The 
condition of thcso organs is classified hero in five groups 

Ccrlmvhj all atrophied Clear pathological reports of atrophy of adrenal 

cortex thyroid, gonads, and genital tract in accordance with the description 
gi\ on below 1 


Probably all atrophied Atrophy of three of thcso organs , insufficient evidence 
to assess tho condition of the remaining ono (ununlly tho genital tract), but no 
reason to doubt its atrophy 

Insufjicicnt information Cases with no details, or with reports of only one or 
two of the organs 

Probably not all atrophied Cases with descriptions suggesting that one or 
more of tho organs were not atrophied 

Certainly not all atrophied Cases with clear pathological details indicating 
that at least ono, and often all, of these organs were normal 


Table I 

Relation of Secondary Endocrine Atrophy to Scienty of Pituitary Damage 


Chrome pituitary lesions 



/-■ 1 — — 1 — — ' 
Accepted 


*- - ■ - 

Unaccepted eases 

Adrenal, thyroid, gonads, and genital tract 

cases 



minor and 

severe 

severe 

moderate 

slight 

Cortmnh nil atrophied 

54 

3 

G 

3 

Probnblj nil atrophied . 

22 

4 

10 

1 

iMuflicient information 

13 

14 

21 

29 

Probnbh not all ntrophied 

0 

0 

G 

8 

Certain!} not all atrophied 

0 

2 

0 

26 


Table I shows that, in tho accepted cases with severe pituitary damage, there 
is nearly nlw ays atrophy of the significant endocrine glands (76 positive, 6 nega- 
tnc) Somo of tho few negatives date from tho period before 1927 when 
secondary endoenno atroph}' w as not known and was therefore probably not 
sought (Simmonds himself recorded these glands ns normal m cases where it 
seems almost impossible that they were not greatly atrophied, and this led to 
much pathological confusion in the early literature) The other negatives may 
possibly be duo to tho assessment ns severe of pituitary damage which m fact 
was only moderate Endoenno atrophy was less commonly present in the 
moderate grade of pituitary damage (16 positive, 15 negative) The occurrence 
of the positives suggested that tho degree of pituitary damage might perhaps 
havo been under-estimated in these 16 cases, but a reconsideration of the 
pathological reports on the pituitanes does not support this explanation In 
tho ‘minor and slight’ group, endoonne atrophy was uncommon (4 positive, 
34 negative) Tho positives may have been atrophy due only to prolonged 
emaciation , tho histological reports are not very convincing It appears justifi- 
able to conclude that secondary endocrine atrophy is an invariable result of 
prolonged severe pituitary damage There is as yet insufficient information to 
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basophil masses m the muscle-fibres similar to those seen in myxoedema In the 
majority of cases there was a moderate degree of atheroma of the aorta 
Pancreas In 19 cases the pancreas had a mean weight of 46 gm (range 20 to 
100 gm ) The normal weight of the panoreas is about 90 gm The islets were 
usually reported as increased in number and frequently m size, the cells being 
rather small hut apparently more numerous than normal In view of the atrophy 
of the pancreatic parenchyma, it is possible that the recorded increase m number 
of islets is more apparent than real , detailed studies of the actual number and 
volume of the islets do not appear to have been earned out 

Thymus The thymus was always noted as being extremely small or unrecog- 
nizable This is not a significant abnormality in view of the age of the majonty 
of the patients, but it is of interest that there is no hyperplasia of the type some- 
times seen in Addison’s or Graves’s disease 

Parathyroids The parathyroids have been reported m 17 cases In the more 
detailed descriptions there is usually a remark about the paucity or absence of 
oxyphil cells 

Spleen In 21 cases the mean weight was 110 gm (range 30 to 230 gm ) The 
normal weight is 100 to 200 gm The only abnormality recorded was an excess 
of haemosidenn 

Lymphoid tissue The germinal follicles were usually said to be small or absent 
m the few oases in which records are available 

Gastric mucosa Some atrophy of the gastno mucosa was noted m three cases, 
hut this finding post mortem is unreliable without special techniques of examina- 
tion 

Bone-marrow In the few cases in which this has been examined it has been 
recorded as hypoplastic, but detailed studies have not so far been made 
Skeletal system Except in cases of tumours or cysts, there is no alteration in 
the sella, either on radiological or pathological examination In adult cases 
there are no recognizable abnormabties m the air sinuses of tbe skull, and tbe 
long bones appear radiologioaily to be of normal density 

Teeth Loss of teeth has been recorded m many of the cases, but its signifi- 
cance is doubtful Canes, pyorrhoea, and Iobs of teeth are such common condi- 
tions that Borne degree must he regarded as almost normal in hospital patients 
of this age-group 

Skm Histological examination of axillary skin has been made in only three 
cases These Bhowed a virtual disappearance of sweat glands, sebaceous glands, 
and hair folholes 

Mammary glands The contour of the female breast does not alter On 
section there is the normal amount of fatty and fibrous tissue, but the paren- 
chyma is always very atrophic 

Hypothalamus In several cases the brain was reported as normal, but there 
is no record of specific examination of the hypothalamus Among 10 severe 
cases m which the hypothalamus was examined m detail, there were no lesions 
m three, a reduced number of cells m the supra-optio nuclei in one, some pen- 
vasoular cuffing in the supra-optio region m two, gliosis in the tuheral region m 
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ago of 45 years is not absolutely diagnostic On the other hand, the absence of 
complete genital atrophy aftor this ago is conclusive evidence against a signi- 
ficant pituitary lesion In women below tho ago of 45 years there are only 12 
cases in u Inch dotniled descriptions of tho ovaries are available Tho combined 
weight of tho ovaries was 3 8 to 5 4 gm , as compared with the normal 10 to 
15 gm. A feu primordial follicles were sometimes found, but there were never 
any do; eloping Graafian follicles or corpora lutea In three cases small fol- 
licular cysts or email cysts lined by a single layer of cubical epithehum were 
present Somo remaining corpora albicantia are usually aeon, even in veiy long- 
standing cases Tho uterus is small, with an or erall length of 5 cm and a width 
of 2*5 cm , its walls are about 5 to 0 mm m thickness Tho myometrium some- 
times consists of closely packed musclo nuclei with little cytoplasm, sometimes 
it is almost completely fibrotic Tho endomolnum is represented by a flat layer 
of cubical epithehum with vory occasional small cysts beneath it, this explains 
u hy diagnostic curettage gives no tissue for examination In a few cases the 
endometrium is replaced by vascular granulation tissue heavily infiltrated with 
plasma colls. Tho cervix: forms only a small dimple m the vaginal vault, the 
vagina, and external genitalia show advanced atrophy' of senile typo There 13 
nbscnco of glycogen in tho vaginal opithehum, and of acid and Doderlein bacilli 
m the scanty vaginal scorotion 

Male Tho testes nro usually described as very atrophied, but have rarely 
been weighed , combined w eights of 0 gm and 8 gm have been noted, the 
normal being 20 to 25 gm Tho seminiferous tubules have enormous hyaline 
thickening of the basement membrane, which may almost obliterate tho lumen 
Somotimcs they’ hav o no epithelial lining , sometimes they' have a single layer 
of opithehum with no trace of spermatogenesis The interstitial tissue is 
increased and consists of oedematous hyaline connective tissue, and the inter- 
stitial secretory cells have disappeared completely Tho epididymis, vesionlae, 
and prostate aro usually noted to he atrophic, but no details of the histological 
changes hav o boon recorded 

Other organs There is a sinking atrophy of most of the viscera This appears 
to be a truo tropluo atrophy, as nearly all the patients are of normal body- 
weight 

Liver In 32 cases tho mean weight was 890 gm (range 570 to 1,400 gm ) 
Tho normal woight of tho liver is 1,400 to 1,800 gm A moderate amount of 
haemosiderm was commonly present m the liver cells In five cases there was 
a Binglo large gall-stone, mainly pigment, and m two others there were several 
email pigment stones 

Kidneys In 29 cases the moan weight of the two kidneys together was 1 70 gm 
(rango 100 to 200 gm ) Tho normal weight of the two kidneys is about 300 gm 
No oharaotonstio abnormalities were noted m these organs, though pyelone- 
phntio Bears were not uncommon 

Heart In 26 cases the mean weight was 207 gm (range 150 to 290 gm ) 
normal weight of the heart is 260 to 340 gm There were sometimes large 
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used to indicate severe emaciation , the typical example being that of a patient 
in the terminal stages of carcinoma It is sometimes need in the rather looser 
sense of ‘prolonged debilitating disease 5 in patients without any loss of 
weight Thus, for example, a patient with severe hypopituitarism was de- 
scribed in two successive sentences as mil deuthcher Kachexie and as unit gviem 
Emdhnmgszmtand The third meaning is that of an endocrine deficiency 
There is no implication of emaciation m the description of post-opeTative 
myxoedema as cachexia thyreopnva The term pituitary cachexia has obviously 


Table II 


Nutrition at Death 


Accepted severe pituitary lesions 
Healed post portum necrosis 
Other chrome fibroid lesions 
Surgical hypophyseotomy 
Intrasellar cysts and tumours 


Number of casts at each nutritional state 
Fat Good Normal Fair Thin Emaciated 


0 7 26 11 9 

3 3 6 7 1 

0 0 10 0 
0 2 0 0 2 


6 

6 

1 

0 


Unaccepted pituitary lesions 
Chrome fibroid lesions, and intrasellar 


cysts and tumours 

(а) Moderate 4 

(б) Minor and slight 1 

Extrasellar cysts and tumours 

(а) Severe . 7 

(б) Moderate 6 

(c) Minor end slight 0 


6 

2 

3 

4 
3 


7 2 4 6 

3 3 2 31 


4 2 1 4 

2 3 3 3 

113 6 


been used m the title of some publications only as a standard synonym for 
hypopituitarism, and the data in the report indicate that the patient was of 
normal nutrition However, for the present review, the word cachexia in a 
paper hag been interpreted as emaciation except where the context indicates 
clearly that thiB was not the meaning intended 

The nutritional state at death m the various groups is analysed m Table II 
When the pituitary lesions were severe, only about one-quarter of the patients 
were thin or emaciated at death This may be compared with the nutation m 
minor and alight lesions, where over three-quarters of the patients were thin 
or emaciated at death In the group of extrasellar cysts and tumours many 
of the patients were overweight, and a lesser but significant number were 
considerably under normal weight These disturbances appear to have been 
due to the cerebral pressure rather than to the pituitary destruction. For 
comparison, a summary may be given of the nutritional state of the patients 
m 600 routine autopsies None of these patients had pituitary disease Fifteen 
per cent were recorded as fat or of good nutation, 43 per cent were of normal 
or fair nutation, and the remaining 42 per cent were either thin or emaciated. 
The nutritional state in this control sample of patients dying without pituitaiy 
disease was thus worse than in the patients who had died from severe pituitary- 
lesions 

IQ J JJ New Eerie* No 721 


A a 
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°* and n,lnor ccIIulnr Ganges in tw o eases It is difficult to say how far these 
clmngcs are only terminal, similar changes have been recorded in some of the 
patients w ith only sliglit pituitary damngo 

State of Bodily Nutrition 

In this section tho analysis will be extended to include all types of pitmtaiy 
lesion and degrees of damago, because the nutntional state is tho subject on 
uhich tho present findings conflict with noarly nil the standard descriptions of 
tho syndrome It is worth} of noto that Simmonds himself did not stress the 
idea that emaciation is a result of hypopituitarism His original patient, who 
w ns of medium height, w cighcd 103 lb nine j ears after tho onset of the disease 
and, although ho mentioned incidentally in part of one sentence that she had 
much weight-loss at death two years later, tho feature which most impressed 
him then was the prematurely senile appearance of the patient (Simmonds, 
1014a , Leschhe, 1D10, Case 7) His next patient died from carcinoma of the 
stomach (Simmonds, 10140, Case 13), and tho next had pulmonary tuberculosis 
(Frnenhcl, 1016, Simmonds, 1018, Case 2), their nutritional state was clearly 
not of endocrine significance About this time ho had two patients with pituitary 
tumours who had lost much weight ( Simmonds , 1916) and he introduced the 
term pituitary cachexia How over, by 1018 he was clearly more impressed 
again by tho progeria of his sixth patient (Simmonds, 1918, Case 4) and made 
no note of her nutrition His seventh patient (Simmonds, 1918, Case 3, Bost- 
room, 1918) was of medium height and weighed 99 Jb 

Tho state of nutrition of tho patients is classified here m six categories fat, 
good, normal, fair, tlun, omaciated These terms are used with their ordinaiy 
clinical significance, corresponding roughly to steps of one-eighth of the normal 
weight Tho classification has been given for two standard times, firstly at 
death, secondly at six months before death 
Nutrition at death The nutrition has been assessed initially at the time of 
death because this is the time for which the most objective and most numerous 
data are available, m some cases tho patient was admitted to hospital m a 
moribund condition and tho previous clinical history was not ascertained The 
assessment is made from two mam sources (a) the description of the body given 
by tho pathologist, and tho recorded thickness of the subcutaneous fat at 
nutops}’, and (b) the clinical desenphon of the patient, the recorded height and 
weight m relation to tho sox, and the photographs of the patient This chnioal 
evidence has to bo considered with special regard to the stage of the disease at 
which theso data were obtained, and to the clinical course during the ensuing 
period (for example, terminal loss of weight) The information about nutation 
is somotimes scanty and occasionally discordant, m these cases judgement has 
had to be mado by balanomg the evidence The assessment is not of a high de- 
gree of scientific exactitude, but it is believed that there are no errors sufficiently 
important to interfere with the accuracy of the general picture 

One difficulty that requires remark is the significance of the word cachexia, 
which has three quite different meanings in the literature It is commonly 
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hypopituitarism is characterized by emaciation During the course of the 
syndrome due to severe pituitary lesions, whether due to post-partum necrosis 
or other causes, about three-quarters of the patients are of normal nutrition or 
only slightly above or below this 

By contrast, about three-quarters of the patients with rumor or slight pituitary 
lesions were t hin or emaciated This cannot be taken as evidence that minor 
pituitary lesions specifically cause loss of weight The probable explanation 
seems to be that patients of this type were diagnosed olinioally as Simmonds’s 


Table HI 


Nutrition Sue Months before Death 


Accepted severe pituitary lesions 
Healed post-partum necrosis 
Other chrome fibroid lesions 
Surgical hypophysoctomy 
Intrasellar cysts and tumours 

Acceptable severe clinical cases 
Healed post partum noorosis 


Number of cases at each nutritional state 
Fat Good Normal Fair Thin Emaciated 


1 10 28 

3 4 9 

0 0 1 

0 2 0 


7 8 3 

5 1 3 

0 1 0 

11 0 


6 9 24 10 4 


3 


Unaccepted pituitary lesions 
Chroruo fibroid lesions, and intrasellar 


cysts and tumours 

(а) Moderate . .6 

(б) Minor and sbght . 3 

Extrasellar cysts and tumours 

(а) Severe 8 

(б) Moderate 7 

(c) Minor and slight . 7 


7 

2 

3 

2 

1 


10 

6 

5 

4 

4 


4 3 4' 

14 27 


3 0 2 

2 2 3 

0 3 4 


disease because they were of bad nutrition and therefore m agreement with the 
standard description of the syndrome, and for this reason their pituitanes were 
subjected to detailed pathological study 

There are relatively few oases of severe hypopituitarism m whioh both the 
height and weight of the patient are recorded. Fig 1 shows the individual data 
m the severe cases which were examined post mortem and Fig 2 the data in 
the acceptable clinical senes For comparison, these two Figures also show 
the heights and weights of 65 living female patients m the medical wards 
of a local hospital, these patients were unselected apart from the exclusion 
of all cases of carcinoma, tuberculosis, and diabetes mellitus It will be 
seen from Fig 1 that the patients with severe hypopituitarism tended to he 
perhaps slightly less heavy at death than the living control patients The seven 
cases marked m the Figure with black circles instead of squares were examples 
of terminal emaciation due to the following causes — carcinoma (70 lb and 96 lb ), 
pulmonary tuberculosis (86 lb and 125 lb ), and severe vomiting m the last few 
months of life (66 lb , 91 lb , and 96 lb ) Fig 2 shows that the clinical cases of 
severe hypopituitarism tended to be very slightly heavier than the correspond- 
ing controls 



340 


H L SHEEHAN AND V. K SUMMERS 

Nutrition at six months before death From the clinical aspect it is clearly of 
far greater importance to know about the nutrition throughout the entire 
courso of tho diseaso, which may last 20 years or more, than to have details of 
the appcnranco of tho body at death For this reason, consideration must be 
givon to the nutrition of tho patients six months before death, that is, before the 
terminal stago of tho disease was reached Dunng the course of the disease the 
pationts sometimes shoiv moderate fluctuations of weight, comparable to those 
v Inch occur in normal persons If they lose a large amount of weight early in 
tho diseaso (as from puerperal sopsis), a considerable time, sometimes two or 
three years, may bo required before this is regained However, the weight at 
about six months before death probably gives a fairly true indication of the 
avorago nutritional state throughout tho illness Some of the published papers 
gn o definite data about tho nutrition dunng the course of the disease as well as 
at death Others record tho nutnhon at death, and either state that the patient 
had had a tonmnal sovoro loss of weight or give details of some pathological 
lesion, such as carcinoma or tuberculosis, wluch can be accepted as having 
caused weight-loss In tho latter type of case the state of nutation six months 
before death lias been assessed arbitrarily here as one or two grades higher than 
that at death, duo notice bemg takon of any clinical evidence available Finally, 
there are a number of cases u hero only tho nutational state at death is recorded 
and no information is given about tho course before death , the nutation of 
theso pationts at six months before death is taken for purposes of analysis as the 
samo as that at tho time of death The terminal diseases which lasted long 
enough before death to causo significant loss of weight may be summarized as 
follows Tho figures rofor to all types of chrome pituitary lesions and to all 
grades of soventy 

(«) Carcinoma occurred in nine of the patients, various sites were involved 

(b) Active oxtensivo tuberculosis of lungs, or less commonly of the abdominal 
viscera, was tho causo of death in 17 patients No specific note is made m this 
papor of patients with inactive or healed tuberculous lesions 

(c) Sovoro anorexia, sometimes associated with vomiting, dyspeptic symptoms, 
or diarrhoea, was usually a rapidly fatal complication m patients with severe 
hypopituitarism On the other hand, 14 patients, most of whom had lesser 
degrees of pituitary damage, survived for many weeks or months with this 
complication, and thus were very thin at death 

(d) Ovordosnge with thyroid, in the treatment of the apparent myxoedema of 
some patients, led to considerable loss of weight Four of these patients died m 
a very poor state of nutation 

(e) In 13 cases miscellaneous emaciating diseases were present as terminal 
conditions, chrome sepsis, uraemia, &c , and also a very acute type of diabetes 
insipidus which sometimes occurs m patients with gross hypothalamio lemons 

Table HI shows the nutritional state in the various groups of patients at six 
months before death, assessed in the manner explained above The condition 
of the severe clinical cases of healed post-partum necrosis is also noted in tee 
Table This analysis gives no support to the common opinion that severe 
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/ Other Clinical Aspects 

Prom this point onwards the analysis will be concerned only with tbe results 
of severe pituitary damage 

Sex function Complete and permanent loss of sex function is an invariable 
consequence, whatever the aetiology of the pituitary lesion , there is no need 
to tabulate the figures In women menstruation alwayB ceases When the 
pituitary lesion develops slowly, there may be a period of infrequent and scanty 
menstruation before complete amenorrhoea develops ,, In cases of sudden onset 
of the pituitary lesion, such as post-partum necrosis, an immediate develop- 
ment of amenorrhoea and associated sterility is the rule Where the matter 
was investigated, there was a str ikin g absence of the general symptoms which 
accompany the natural menopause Information about the sex function in 
men is available for only seven patients, all of whom were impotent These 
physical changes are accompanied by corresponding psychological alterations 
The hbido was noted in only 14 women , it was lost in 13, but is said to have 
been normal in the other case It was lost in all seven men Female patients 
lose their normal bashfulness, and appear to be quite unconcerned about being 
photographed or demonstrated in the nude Adequate hormone therapy leads 
to a return of the normal outlook in this regard In the cases which immediately 
follow delivery there is a complete absence of breast activity m the puerpenum , 
the mammary glands become soft and involuted within a few days after the 
delivery and there is no secretion of colostrum or milk Failure of lactation may 
arise from other causes at that time, and cannot be taken by itself as diagnostic 
evidenoe of pituitary destruction 

Hair Body hair In both sexes loss of the pubic and axillary hair together 
appears to be of considerable diagnostic importance Loss of axillary hair alone 
is not significant Many reports, particularly the older ones, give no information 
about the pubic hair In routine clinical examination, care is usually taken not 
to expose the region of the genitalia If such an inspection is made, the lack of 
pubic hair may fad to provoke any mental response in a doctor who is accus- 
tomed to see shaved patients on the operating table As an example, most of 
the patients studied by us had been m and out of hospital several times 
without any note being made of their loss of body hair Frequently the condi- 
tion has been noted for the first time only at autopsy The body hair does not 
disappear immediately the pituitary has been destroyed. The usual course is 
that the axillary hair is lost m a few months, but the pnbio hair may persist for 
a year or two, and scanty short hairs may remain on the labia majora almost 
indefinitely The loss ib bo gradual that the patient cannot give any exact date 
for the change However, m patients who had had the pubes shaved at the time 
the pituitary was destroyed, there is commonly a clear history that the hair 
did not grow again A variant on this theme is that, if a patient suffers a large 
necrosis of the pituitary at delivery and subsequently develops puerperal 
sepsis, then this infection may produce a rapid and generalized loss of hair, 
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Striking pallor of the face waa noted in 34 of the patients , the colour was often 
described as waxy-white or alabaster There were 16 patients recorded as sallow 
or as having a lemon-yellow tinge , these were usually patients showing clinical 
appearances suggestive of myxoedema None of the patients was described as 
pigmented Simil ar appearances were described m the clinical group , 27 white, 
six sallow, and none pigmented There are two separate considerations regard- 
ing the pallor of the skm, namely, loss of skm pigment and loss of the capillary 
flush 

(а) The loss of skm pigment appears to be due to a true interference with 
melanin production, and not to the indoor existence which most of these patients 
adopt There are very few details in the literature about the breast areolae, but 
in the patients studied by us the areolae were always depigmented, even in 
multiparous dark-haired women Exposure of these patients to real or artificial 
sunlight produced no pigmentation m the irradiated areas (This can be used as 
a diagnostic test, but it is necessary to take great care in attempting to pigment 
these patients because of the severe sunburn which may occur ) The erythema 
ab tgne, which is almost always present on the legs of the female patients, does 
not develop brown pigment No investigations have been made on the ‘dopa’ 
reaction of the epithelium, Whatever be the physiological explanation, it is a 
matter of interest that depigmentation of the skm occurs m hypopituitarism, m 
which the suprarenal cortex is greatly atrophied and the medulla is relatively 
normal This may have a possible bearing on the problem of the pigmentation 
m Addison’s disease 

(б) The other feature of the pallor is the lack of the normal capillary flush m 
the exposed skm, particularly over the cheeks and ears This flush is com- 
pletely absent m most cases, although the mucosae are normally coloured If 
the patient is excited there may be a transient reddening over the eyebrow 
region This condition of the skm capillaries is m marked contrast to the 
appearances seen m Cushing’s syndrome 

Facies Most of the patients, particularly the women, have a charactenstio 
and almost pathognomomo facial appearance, whioh is as easy to recognize at 
a glance as the facies of exophthalmic goitre or myxoedema, though the change 
is rather more subtle than in those diseases The facial contours tend to appear 
weak, suggesting what might be described as a partial regression of those 
features which are normal in adults and become coarsened m acromegaly 
There is a lack of animation m the face giving an expression suggestive of 
myopathy or of a person asleep Slight puffiness of the face, particularly below 
the eyes, ib commonly present The picture is completed by the t hinnin g of the 
eyebrows and the striking pallor of the skm These appearances are m some 
ways suggestive of hypothyroidism In the literature, 33 patients are described 
as of hypothyroid appearance and only three as bemg not hypothyroid Some 
of the patients had quite definite appearances of myxoedema , there are 12 such 
cases recorded A detailed comparison of the degree of the myxoedematous 
facial appearances with the seventy of the pathological lesion of the thyroid 
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affecting the hoad as well as the body Subsequently the bead bair returns, but 
tlio bod}' hair is permanently lost An analysis of the accepted cases shows that 
the pubic and axillary hair was completely lost in 05, scanty m 10, normal in 
tu o, and not recorded in IS In the acceptable clinical cases it was completely 
lost m 53, scanty m five, normal m ono, and not recorded in 11 From these 
figures it is clear that the pubic and axillary hair is almost invariably lost The 
retention of pubic hair may bo taken as an indication that the pituitary lesion is 
oithor not a severe ono, or that it is not of more than about two years’ duration 
On tlio other hand, the loss of pubic and axillary hair cannot he taken alone 
ns conclusive ovidcnco of severe pituitary damngo Such loss occurs in a small 
proportion of patients with only minor or slight pituitary lesions, and also in 
patients with othor diseases not affecting the pituitary 

Facial hair ui men It is difficult to arrive at definite conclusions about the 
condition of tho beard, as the details are rarely recorded Excluding cases of 
infantilism, there woro 28 men with severe pituitary lesions who had lost their 
pubic and axillary hair Tho beard was absent in four of these, scanty in six, 
and not noted in tho remaining 18 

Eyebrows All tho patients examined by us have had considerable thin- 
ning of tho eyebrows Tho loss was particularly marked over the outer part, as 
in myxoedoma, and any hair remaining in tins position tended to be depig- 
mented Among the accepted cases, 30 had thinning of the eyebrow's, occasion- 
ally almost complete absence, four had normal eyebrow's, and the condition of 
tho remaining 01 is not recorded The details of the acceptable clinical case3 are 
similar, 20 with considerable thinning, none with normal eyebrows, and 50 
without records 

Bead hair When details arc given, about half the patients are recorded as 
having had some thinning of head hair, and the other half as having had normal 
or thick head hair In now of tho age of most of the patients, this cannot be 
considered to bo significantly abnormal, and the condition of the head hair 
appears to be of no value in diagnosis The colour of the hair also appears to be 
unimportant, despite tho attention given to this matter m the literature 
Among tho patients who came to autopsy, four had grey or white ham, while 
1 1 had hair of normal colour Among the acceptable cluneal cases, one had grey 
hair and 14 had hair of normal colour 

Sktn Tho skin is nearly always recorded as dry, and is usually desonbed as 
smooth and soft on the face and body, but sometimes very slightly scaly on the 
limbs In most patients there was no significant atrophy of the skin, but 
wnnkkng of the face was noted in seven cases The dryness of the skm is due to 
an absence of sweating, among 32 cases with details on this point, 31 had no 
recognizable sweating, but the remaining one is said to have perspired normally 
There has been in all the cases examined by us a lack of the normal greasi- 
ness of the axillae, and also an absence of the emotional sweating m that site 
which occurs in the normal patient after puberty There are no records of 
axillary furunculosis in any of the patients 
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matism of joints, particularly of tlie knees, -was noted m 13 patients Deafness 
occurred m four patients The speech was recorded in 44 cases as slow, quiet, 
monotonous, and rather hesitating In 10 of these, chiefly in the terminal 
phases, it was noted as thick or Blurred The voice is usually soft and gentle 
A great degree of mental torpor was recorded in 59 patients , usual descriptions 
are that the patient has no initiative, loses interest in her home and friends, and 
settles into a state of placid inertia It is characteristic of these patients that 
when they are brought into hospital they are completely contented with life in 
bed, where they are kept warm, have their food brought to them, and are not 
required to do any work They show no desire to return to their homes, and will 
stay in hospital for months On the other hand, when they have been dis- 
charged, it is diffi cult to get them to make sufficient effort to return to hospital 
Definite mental changes were noted m 22 patients, excluding the cases where 
the patient was approaching coma The disturbances were commonly depres- 
sion or melancholia, with delusions in a number of cases , mama was rare It is 
possible that these mental disturbances were due to a combination of hypo- 
thyroidism and hypoglyoaemia It is open to question whether the relatively 
high recorded incidence of mental derangement is a true one, or whether it is 
merely a reflection of the fact that, in autopsies on patients who die in lunatic 
asylums, the oramal contents are usually examined with care Physical weak- 
ness, and a disinclination for any form of physical activity, was a very common 
observation, being noted in 96 of the accepted post-mortem cases and the 
acceptable clinical cases In 10 the condition was so extreme that the patients 
remamed in bed for the last few months or years of life Possibly in relation 
to the diminution of muscular tone, these patients commonly have a round- 
shouldered posture In addition, most of the female patients studied by us 
bad a filling -out of the flank between the costal margin and the ffiao orests, so 
that the waist contour tended towards the masculine type 

Laboratory Investigations 

Various haematological and biochemical findings m the accepted poBt-mortem 
cases and the acceptable cluneal cases are listed m Table IV 

Haematology There is nearly always a normochromic anaemia of moderate 
degree It ib usually remarked that the degree of anaemia is much less severe 
than had been expected from the striking pallor of the patient There are no 
records of conditions often associated with anaemia, such as perleche, glossitis, 
dysphagia, or koilonychia In most cases the red cells do not show any signifi- 
cant abnormality of size or staining reactions, and there is no increase of 
reticulocytes Some of the long-standing cases develop a macrocytic anaemia 
which is refractory to liver treatment, and one patient (Bloom and Bryson, 
1948) had aplastic anaemia The subject has been reviewed recently by Daugha- 
day, Williams, and Daland (1948) The leucooytes are normal in most cases, 
though a mild eosinophiha is sometimes recorded It is of interest to note the 
lack of any reduction of the lymphooytes despite the adrenal cortical dysfunc- 
tion 
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fails to show any correlation , a clinical picture suggesting true myxoedema may 
as well be associated with simple atrophy of the thyroid as with Ten- gross 
sclerotic roplacomont of the gland 

Sinco Simroonds’s original description, considerable attention has been 
directed to progeria as a typical feature of hypopituitarism Nevertheless, an 
appcaranco of premature semht} 7 has been noted in only 10 per cent of the 
cases, this cannot bo considered a Bufliciontly high incidence to constitute a 
characteristic sign of tho disease Any chromo invnhd may look Ere or 10 years 
older than tlio stated ago, and patients with hypopituitarism are no exception 
to tho rule Tho estimation of such slight changes is very much a matter of 
individual impressions Nearly all tho patients studied by us looked to be 
about tlioir stated ago A point of some interest is that, though Gilford’s (1 904) 
syndromo of progoria m children is commonly accepted as due to hypopituitar- 
ism, there nro no cases of tins type in tho present analysis Only two autopsies 
appear to havo bcon performed in tins disease , the pituitanes were not signifi- 
cant^ 7 abnormal to tlio nakod oyo, and histological examinations were not made 
(Gilford, 1904, Talbot, Butler, Pratt, MacLaohlan, and Tannheimer, 1945) 

Cardiovascular system It is sometimes maintained that a slow pulse is charac- 
teristic of li 3 'popituitnrism Man} 7 of tho histones of cases which terminated 
fatally cither give no details about tho pulse, or record tho rate during the 
terminal coma (wlion it is sometimes very slow) or during pyrexia (when it is 
usuall}' fast) Excluding tho records taken dunng these occasional episodes m 
tho disenso, tho pulso-rato in 14 cases which camo to autopsy ranged from 50 to 
85, with a mean of 73 In 10 clinical cases of post-partum hypopituitarism the 
rate ranged from 57 to 84, with a mean of 71 Radiologically the heart is usually 
small, m contrast to tho enlargement winch is sometimes seen m myxoedema 
Electro-cnrdiogmphio findings were noted in 20 cases In 13 oases low voltage 
electrocardiograms wore recorded , in four there were negative T waves in leads 
2 and 3 , irregularity of rh 3 r thm was recorded m three cases The ohanges are 
very similar to those of nyyxocdema, and treatment with tlymoid may produce 
a return to normal Tho patients tend to have a labile blood-pressure The 
mean systolic pressure was 108 mm of mercury , 34 patients had a blood- 
pressure between 70 and 95, 45 between 100 and 135, and 11 between 140 and 
240 Tho majority of the low blood-pressures recorded were from patients m 
tho last two or three months of life, and most of the higher blood-pressures woro 
m patients several months or years before death The blood-pressure always 
falls during an insulin tolerance test, the trough of the blood-pressure curve 
occurs at 45 to GO minutes, when S 3 7 stoho readings of 80 or 90 may be observe 

General symptoms Many of the complaints made by the patients are sug- 
gestive of hypothyroidism Sensitivity to cold was recorded in 61 cases , this is 
presumably a symptom of the lowered basal metabolism As a result, the patients 
sit beside the fire as much as possible, so that erythema ah tgne is a common 
finding in women The absence of sweating has been discussed earlier Rheu- 
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blood-sugar with a tendency towards low values The following biochemical 
data are not summarized in Table IV 

Basal metabolic rate The basal metabolic rate is always low, usually m the 
range of —25 to —40 per cent In 68 cases the mean level was —31 per cent 
with a range of —6 to —55 per cent This appears to be related to the thyroid 
insufficiency Treatment with thyroid extract produces a rise to about the 
normal level , in 13 patients under thyroid treatment, the basal metabolic rate 
averaged — 3 per cent , with a range of — 14 to +6 per cent 

Oastnc function A fractional test meal was earned out on 21 patients 
Three had achyha and ten had achlorhydria, whioh was noted to be hista- 
mine-fast in four On the other hand, five patients had a small amount of free 
hydrochlonc aoid, and three showed normal curves There is no constant rela- 
tionship between the seventy of the anaemia and the failure of gastnc secretion 
of hydrochlonc acid 

Renal function tests The urea clearance test gives low figures , in five oases 
the range was from 29 to 69 per cent , with a mean of 60 per cent of normal 
In the urea concentration test, the maximum concentration recorded is from 
1 7 to 2 4 per cent The Kepler test, which is indicative of the adrenal cortex 
and kidney relationship, usually gives resultB corresponding to those seen in 
Addison’s disease In four cases only the first part of the test was earned out 
and showed an absence of water diuresis (During the course of the disease, 
many patients remark on the fact that they can drink very large quantities of 
fluid without this causing a desire to mioturate ) The second part of the Kepler 
test gave m three patients a factor of 3 6 to 4 2, but m two patients a factor of 
20 to 30 

Glucose tolerance test This test is not of any value in diagnosis The curve 
tends to be prolonged and rather flat, possibly as a result of slow absorption, 
and comparable to the similar curve m myxoedema The average figures for 
26 patients are as follows 

Minutes . 0 30 60 00 120 180 

Blood sugar (mg per 100 oo) 72 112 121 114 96 79 

Insulin tolerance test Though insulin tolerance tests have been used m other 
conditions for over 20 years (Greenblatt and Kuppennan, 1947), their apphoa- 
tion m the study of pituitary dysfunction is only recent A suboutaneous insulin 
tolerance test was used m such a patient by Ran (1936) The intravenous insulin 
tolerance test was introduced in the investigation of hypopituitarism by Eraser 
and Smith (1941), and this test has proved of great value m the hands of many 
workers Slessor (1946) has recently questioned its significance, but he gives no 
evidence to prove that any of his patients had pituitary lesions The dose 
originally suggested (0 1 units of insulin per kg ) is hable to produce dangerous 
reactions m patients who have severe pituitary damage A dosage of 0 03 units 
per kg yields as much information as the higher dose, and in our hands has 
never produced hypoglycaemio coma The average figures of 1 6 insulin tolerance 
tests are given below These are chiefly from the group of acceptable clinical 
cases Some of the tests were done with the larger and others with the smaller 
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Blood chemistry TJiore ia a fal] in the serum-sodium and plasma-chlorine 
probably a reflection of adrenal cortical insufficiency, combined m some cases 
mth the effect of vomiting Thorecords of serum-potassium suggest a rather wide 
rango, but tho possibility of technical errors, such as diffusion from corpuscles, 
leaves tho figures open to doubt There is perhaps a tendency for serum-calcium 
to bo loiv normal and plasma-phosphorus to bo high normal, but the changes are 
not important Tho blood-urea lovol is not raised Tho total plasma-protein is 
nithm tho normal rango McCullagh, Lowis, and Omen (1943) earned out 

Table IV 


Haematology and Biochemistry 



Number 

Mean 


Normal 


of cases 

kicl 

Range 

range 

Red cells (millions por c mm ) 

80 

38 

1 8 to 5 5 

4 5 to 5 6 

Haemoglobin (por cent ) 

70 

70 

38 to 100 

90 to 110 

Wluto colls (thousands per o mm ) 

07 

C 0 

1 0 to 17 0 

4 to 10 

Neutrophils (per cent of wluto cells) 

33 

GO 0 

12 to 91 

60 to 70 

Eosinophils (por cent of wluto cells) 

33 

35 

Oto 13 

1 to 3 

Basophils (por cent or wluto cells) 

33 

01 

0 to 2 

0 1 to 0-5 

Lvmphoojtos (por cent of white colls) 

33 

37 2 

6 to 78 

25 to 35 

Monocj tea (per cent of wluto celLs) 

33 

29 

0 to 9 

4 to 8 

Serum sodium (mg per 100 c c ) 

14 

290 

202 to 326 

320 to 350 

Plogmn-clilonno (mg por 100 c o ) 

2G 

335 

240 to 380 

350 to 380 

Serum potassium (mg por 100 c c ) 

D 

22 

14 to 31 

18 to 20 

Scrum-calcium (mg per 100 o o ) 

12 

94 

7 to 12 

9 to 11 

Plasma inorganic phosphorus (mg per 





100 co) 

6 

48 

2 4 to 7 

3 to 4 

Blood cholesterol (mg per 100 c o ) 

40 

271 

80 to 600 

150 to 200 

Blood urea (mg per 100 c c ) 

17 

34 

14 to 45 

20 to 40 

Fasting blood sugar (mg per 100 c o ) 

41 

74 

40 to 110 

75 to 100 

PJitsmn protem (gm per 100 c c ) 

10 

0 0 

5 3 to 8 2 

0 to 8 5 


eloctrophorotio studies on four clinical cases of pituitary tumours or cysts 
Tlieso patients appear to have suffered from fairly severe but not complete 
hypopituitarism Tho albumen and alpha globulin were lowered, but the other 
fractions wore increased The mean figures were as follows, albumen 3 46 gm, 
por 100 oo (normal 3 8 to 6 1), alpha globulin 0 35 gm per 100 c c (normal 
0 40 to 0 05), bota globulin 1 30 gm per 100 oc (normal 0 76 to 1 06), gamma 
globulin 0 01 gm per 100 c c (normal 0 70 to 0 90), and fibrinogen 0 46 gm per 
100 o c (normal 0 20 to 0 60) Amino-aoid tolerance teste showed no change 
from tho normal Further studies are needed to determine whether the ratio of 
alpha globulin to beta globulin is a useful method of differelitiating hypo 
pituitansm from Addison’s disease The blood-oholesterol is usually above 
normal, but may show great fluctuations in an individual patient from day to 
day, and is sometimes even subnormal (In cases where more than one estima- 
tion was recorded, the mean figure has been given in the Table ) The tendency 
to high figures is presumably related to the hypothyroidism As a result of the 
fluctuations, it is nob possible to attempt any correlation between the rise in 
blood-oholesterol and the fall in the basal metabolic rate As wifi be discussed 
later, these patients frequently have severe hypoglycaemia in the terminal 
stage of the disease During the course of the disease they tend to have a labile 
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from severe hypopituitarism , he excreted 2 3 mg "per diem This suggests that 
the testis has little or no androgenic activity , it is not feasible to separate the 
17-ketosteroids of adrenal and testicular origin at the low levels which occur 
in this disease 

Corticosteroids of the 1 1-oxy group have been investigated in two oases Both 
showed an excretion below 10 Vennmg-Browne units per diem The normal ex- 
cretion is 25 to 65 units per diem m women and 25 to 85 units per diem in men 

Coma and Death 

The grave danger facing patients with hypopituitarism is the development of 
a particular type of coma which is often fatal Among 96 deaths, 62 patients died 
in coma, seven not m coma, and information is looking about the remainder 
Vomiting, anorexia, mtercurrent illnesses, or the missing of meals may pre- 
cipitate this crisis After a short period of illness, sometimes oharaotenzed by 
a confusional state or slurring of speech, the patient becomes stuporose and 
within a day or two lapses into unconsciousness This phase may be ushered m 
by localized twitchinga or generalized convulsions During the coma there ib 
sometimes rigidity of the limbs, or of the neck and jaw muscles, the deep 
reflexes are variable but are commonly lost The blood-pressure may be normal 
or low, such as 90/50 The pulse is usually very feeble and often impalpable 
The pulse-rate is variable , sometimes normal, occasionally fast, and often slow 
Figures of 50 to 60 are given m many oases, and a rate as low as 30 has been 
recorded by electrocardiography The respirations are very shallow The 
temperature is usually low, between 95° and 97° P , but there are occasional 
cases with pyrexia (these patients tend not to respond to- treatment) The skin 
is often strikingly cold to the touch, but remains white , there is no flushing but 
sweating occasionally occurs Gross ketonuna is common, but there is no air 
hunger The plasma carbon dioxide was reduced to 37 vols per 100 o o m the 
only case in which records are available The cerebrospinal fluid appears normal 
m most respects, but m the two cases in which bioohemical examinations were 
made the ohlondes were low (660 and 680 mg per 100 c c ) and the sugar was 
very low (3 and 14 mg per 100 c c ) 

Death may follow after 12 to 36 hours of coma, but some patients recover 
after intravenous glucose therapy, and others recover spontaneously When 
recovery occurs, there is usually pyrexia for the next day or two Some of the 
patients develop bronchopneumonia and die several days later A patient who 
has recovered from coma is liable to further attacks of the same type within 
weeks, months, or even years, and death takes place m one of these attacks 

As mentioned earlier, the coma is frequently preceded by a short penod of 
vomiting and anorexia It is not clear on the present evidence whether the 
vomiting and anorexia are pre-coma manifestations of adrenal cortical failure, 
lor whether these symptoms, whatever their causation, me merely factors which 
Iprecipitate the coma The difficulty is that there is very little evidence about 
'the blood electrolytes m the pre-coma phase or even during the coma, one 
patient with a low serum-sodium (276 mg per 100 c c ), one patient with a 
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doso of insulin They show the typical insulin sensitivity during the first half- 
hour, nnd the poor response to the hypoglycaomia during the next hours 

Blood-sugnr (mg per 100 o c ) 84 49 41 45 40 63 *5 

Apart from careful!}' controlled bioohemical studies of this type, insulin 
should no\ cr be given to these patients There have been several deaths in 
clinically undiagnosed cases of hypopituitarism which were subjected to insulin 
therapy, 

// ormonc excretion Thyrotrophic hormone was not found in the unne m the 
ono caso whore this examination was made 

Gonadotrophic hormone (follicle stimulating hormone) excretion was investi- 
gated in 10 cases The techniques varied, some were sensitive to 30 rat units 
per diem, some to 10 rat units per diem, some to 10 mouse units in 100 c o unne, 
nnd some to 5 mouse units in 100 o c No follicle stimulating hormone could be 
demonstrated in any of these tests The amount of gonadotrophin exoreted 
after the natural monopauso is 20 to CO rat units per diem This test can there- 
fore be used to differentiate amenorrhoea due to hypopituitarism from that due 
to a premature natural menopause 

Oestrogen cxorction was studied in seven eases The techniques vaned in 
sensitivity , 10 and 15 international units per litre of unne, and 20 mouse units 
per diem (1 mouse unit is roughly 1 to 5 international units) One patient 
excreted 25 international units per diem, but the results in the other six cases 
were negative The normal oxcrction of an adult woman ranges from about 
20 to 300 mouso units per diom during the menstrual cyole, and about 10 to 
20 mouso units per diom after the menopause 

Androgens were estimated biologically in two patients The methods were 
sensitive to 5 and to 20 international units per diem Negative results were 
recorded Tho normal excretion as shoim by tins method is about 25 to 40 
international units Tho biological methods of investigating androgen excretion 
have been largoly replaced by the chemical estimation of 1 7-ketosteroids in the 
unne This method was first applied to the study of hypopituitarism by Fraser 
and Smith (1041) and has proved of great value The normal exorotion is 5 to 
12 mg por diom in w omen, nnd 10 to 18 mg in men , the amounts are expressed 
m terms of androsterone In 17 cases of severe hypopituitarism the excretion 
ranged from 0 to 3 5 mg per diem, with a mean of 0 9 mg , in only four of these 
cases was tho excretion recorded as over 2 mg per diem The details °f the 
chemical methods vaiy a little , some probably estimate other substances whioh 
give similar colour reactions, some may involve adsorption loss of true 17-keto- 
s toroids In addition the colour-absorption curve is rather inaccurate at its 
lower end As a result, the absolute level of the figures in the cases reviewed 
here is not to be taken as definitive Nevertheless, with the improved methods 
m present use, it can he said that a patient with severe hypopituitansm does 
not excrete more than about 1 mg of 17-ketosteroids per diem, and that an 
excretion of over 2 mg per diem suggests that the pituitary damage » not 
senous Estimation of 17-ketosteroids is recorded in only one man suffe g 
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changes in other endocrine glands, this is a subject requiring much further 
study 

Patients who still have a quarter or more of the original gland usually have 
little evidence of pituitary hypofunotion, apart from perhaps a partial amenor- 
rhoea, and the diagnosis can be very uncertain There is no evidence m favour 
of the common view that lack of emaciation indicates an ‘incomplete syndrome’ 
which is due to only moderate or minor damage to the pituitary 

Severe deficiency is almost invariably shown clinically by a characteristic 
syndrome made up of all the following symptoms together This syndrome is 
the same whatever the pathological lesion which has destroyed the pituitary, 
be it post-partum necrosis or any other process 

(а) In many oases a clear indication of the aetiology, snoh as an onset dating 
from a delivery at which the patient had a severe circulatory collapse as a result 
of haemorrhage or shock In other cases there may be little indication of the 
cause of the pituitary damage 

(б) Atrophy of the gonads and genital tract, with complete amenorrhoea, 
impotence, and loss of libido 

(c) Complete loss of pubic and axillary hair. 

(d) Absence of normal skm pigment, particularly obvious around the nipples, 
and lack of response to test sun irradiation 

(e) A characteristic flabby facies, with t hinnin g of the eyebrows and pallor 
of the cheeks 

normal greasmess of the 
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normal plasma-chlorine (350 mg per 100 c c ) In the few estimations winch 
liavo been recorded, t ho blood-urea and non-protein nitrogen were normal 
except m the pyrexial eases, where the blood-urea reached levels of 100 to 12 o 
mg per 100 c c. Further evidence is required on the possible role of the adrenal 
cortox in the production of theso effects On the other hand, there can be no 
doubt that tho coma in most of these patients is associated with severe hypo 
glycaerma In nine out of 14 patients tho blood-sugar was recorded as between 
10 and 30 mg per 100 o c There were nine patients in whom coma was pre- 
cipitated by insulin, and fivo died as a result Intravenous glucose was given to 
19 patients who were in coma, and 15 recovered consciousness, although they 
beenmo comatose ngam and died a day or two later (The present analysis is 
restricted to fatal cases ) It seems probable that the four patients who were not 
saved by intravenous glucose had been loft in coma too long before treatment 
was initiated More prolonged administration of glucose might have saved 
tho 15 patients who wero only temporarily revived Once hypoglyca’emia has 
dm eloped, largo doses of glucoso produce only' a transient nse of blood-sugar, 
this is w ell seen when glucose is given after an insulin tolerance test 
A recent caso suggests that tho coma is sometimes duo to a type of Addisonian 
crisis The patient, a woman aged 66 years, had a characteristic history of post- 
partum necrosis 23 years earlier, followed by symptoms of severe chrome hypo- 
pituitarism She had abdominal pam, nausea, and vomiting for two days, and 
then in tho course of a fow hours, became deeply comatose The limbs were 
floxed and vory rigid Tho blood-sugar was 70 mg , serum-sodium 230 mg , 
plasma-chlonno 225 mg , blood-urea 60 mg , and blood-oholesterol 236 mg per 
100 c c Intravenous injection of 100 c o of 50 per oent glucose solution pro- 
duced a rapid but only partial improvement , tho coma became less deep and the 
muscular rigidity decreased Intravenous saline, desoxycorticosterone, and 
oucortono wero given subsequently, but did not produce any obvious effect 
Tho patient recovorcd slowly during the next few days 


Diagnosis 

A confident diagnosis of complete hypopituitarism can usually be made 
easily from a short clinical examination The speoial tests are chiefly of value 
for confirmation of the diagnosis, for assessment of the seventy of the disease, 
and for academic study 

In patients who have a small amount of actively functioning pituitary tissue, 
certain aspects of the syndrome may develop quickly to their fullest extent, 
while others may not appear until many years have elapsed, or may even fail to 
appear Some of the patients present mainly the appearance of myxoedema, 
and others mainly that of adrenal cortical failure There appears to be no 
regular pattern m the development of the symptoms in these oases, apart from 
the constant occurrence of genital atrophy and loss of body hair The order ot 
the partial syndrome may possibly be related to the amount of residual pi ui iy 
parenchyma, or to the particular type of cells remaining there, or to coincidental 
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changes in other endocrine glands , this is a subject requiring much, further 
study 

Patients who still have a quarter or more of the original gland usually have 
little evidence of pituitary hypofunction, apart from perhaps a partial amenor- 
rhoea, and the diagnosis can be very uncertain There is no evidence m favour 
of the common view that lack of emaciation indicates an ‘incomplete syndrome ’ 
which is due to only moderate or minor damage to the pituitary 

Severe deficiency is almost invariably shown clinically by a characteristic 
syndrome made up of all the following symptoms together This syndrome is 
the same whatever the pathological lesion which has destroyed the pituitary, 
be it post-partum necrosis or any other process 

(а) In many cases a clear indication of the aetiology, such as an onset dating 
from a delivery at which the patient had a severe circulatory collapse as a result 
of haemorrhage or shock In other cases there may be little indication of the 
cause of the pituitary damage 

(б) Atrophy of the gonads and genital tract, with complete amenorrhoea, 
impotence, and loss of libido 

(c) Complete loss of pubio and axillary hair. 

(d) Absence of normal skin pigment, particularly obvious around the nipples, 
and lack of response to test sun irradiation 

(e) A characteristic flabby facies, with thinning of the eyebrows and pallor 
of the cheeks 

(/) Absence of sweating of the skin, and loss of the normal greasiness of the 
axilla 

(g) An impalpable thyroid gland 

[h) Increased sensitivity to cold 

(t) Physical weakness and mental torpidity, with slow soft speech 

(j) A low basal metabolic rate, about —35 per cent 

{L) A very low urinary exoretion of 17 -ketosteroids, under 1 mg per diem 

(Z) An insulin tolerance test characterized by insulin sensitivity and hypo- 
glycaemia uuresponsiveness 

(m) A tendency to spontaneous hypoglycaemia and dangerous coma 

(») A failure of water diuresis, with a Kepler test factor sometimes similar 
to that seen m Addison’s disease, sometimes higher 

(o) A moderate degree of anaemia, which is usually not hypochromic 

(p) Usually a raised blood-cholesterol, about 250 to 300 mg per 100 c c 

(?) Usually lowered blood-levels of sodium and chlorine 

Differential diagnosis There are four mam reasons for failure to diagnose the 
condition 

1 Partial diagnosis 

This is the recognition of only one aspect of the syndrome, with a failure to 
recognize the other aspects 

(a) Most of the patients are diagnosed at one time or other as myx oedema 
which does not respond properly to thyroid 
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(6) Nearly all tho patients have had prolonged treatment for anaemia and 
not infrequently, for pernicious anaemia Tho unsatisfactory response to treat 
mont and tho results of haomatological examinations suggest that the diagnosis 
is incomplete 

(c) Despite tho amonorrhoca, very few of the female patients consult gynae- 
cologists If they do, there is tho possibility of a diagnosis of superinvolution 
of the uterus, with a lack of recognition of tho underlying cause ' Furthermore, 
in women past tho ago of 45 years, tho amenorrhoea and atrophy of the genital 
tract may bo passed as normal post-menopausal changes However, even in 
extreme old ago, there is usually some pubic hair m the patient with a normal 
pituitary’. 

(d) Tho biochemical changes occasionally suggest the diagnosis of Addison’s 
disease w ithout pigmentation, but it is usually obvious that the patient’s condi- 
tion cannot bo explained as duo to adrenal insufficiency alone. 

(c) Blood-sugar estimations may’ lead to a diagnosis of hypoglycaenna This 
condition may' bo regarded as idiopathic or due to alimentary tract disturbances, 
or an islet cell tumour may’ be suspected and an exploratory laparotomy 
earned out 

(/) In the cases winch follow a complicated delivery, tho diagnosis of post- 
partum debility may bo maintained for as long as a year or two However, these 
patients may first bo seen by a physician many years later, and the relationship 
to tho dolivory’ may’ easily bo missed 

(ff) In tho later stages a number of patients present mental symptoms and 
arc removed to asylums, w hero attention is focused more on the psychological 
than the physical aspects of the condition 

(It) A fomale patient may sit all day near the fire, apparently an idle negligent 
slattern taking no care of her homo and children or of her own appearance, and 
not seeking medical advice Such a woman is liable to he dealt with by the 
social services ns a ‘problom mother’, the physical basis of the condition being 
unrecognized 

2 Mistaken diagnosis of other diseases 

(а) Probably’ the commonest erroneous diagnosis is that of nephritis This 
is based on the white and sometimes slightly puffy face, there may be some 
albuminuria duo to urinary infection The diagnosis is usually abandoned when 
further investigations have been made 

(б) Occasionally’ the patient is considered to have a post-encephalitic condi- 
tion This is based on the expressionless face, monotonous voice, and peculiar 
mental slowness There is, however, no tremor , ngidity, salivation, or other 
characteristic sign 

(c) During the terminal coma, various mistakes in diagnosis may be made 
Common errors are the diagnosis of cerebral thrombosis (the gradual onset of 
the coma), meningitis (the rigid neck muscles), epilepsy (the initial convulsions , 
uraemia (the white puffy face, and the raised blood-urea if pyrexia is present), 
the Stokes-Adams syndrome (the slow pulse), diabetic coma (the ke onuna), 
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hypoglycaemia of uncertain origin, and narcotic poiBonmg In all cases of coma 
where the cause is not apparent, the pubes should be mspeoted If pubic hair 
is absent, a vaginal examination should be made or the testes palpated 

3 Mistaken diagnosis of hypopituitarism 

The opposite aspect of the differential diagnosis is the question of what other 
diseases may simulate hypopituitarism clinically 

(а) True hypothyroidism may mimic some aspects of hypopituitarism The 
rough skin, severe loss of head hair, characteristic facies, and the presence of 
some pubic hair should pomt to the true diagnosis of myxoedema The results 
of the i nsulin tolerance test, 17-ketosteroid excretion, and the Kepler test are 
quite different from those in hypopituitarism The mild degree of possible 
hypothyroidism in the puerpenum described by Roberton (1948) should also 
be easily distinguishable 

(б) Female patients with Addison’s disease sometimes lose their pubic hair , 
possibly half the oases Men may show a reduction to a female escutcheon The 
insulin tolerance test, the Kepler test and, m women, the 17-lietosteroid excre- 
tion may give results similar to those seen m hypopituitarism Certain of the 
cluneal symptoms are common to the two diseases However, the presence 
of pigmentation in Addison’s disease, and the evidence of thyroid and gonad 
insufficiency in hypopituitarism, should serve to differentiate the conditions 

(c) Ovarian agenesis and the other related primary amenorrhoeas commonly 
lead to a failure of development of the genital tract and of pubio and axillary 
hair, and may be associated with low 17-ketosteroid excretion There may be 
stunting of growth A detailed examination is often required before it can be 
said that the patient is not suffering from hypopituitarism which had its onset 
in childhood 

(d) The general group of dwarfism and infantilism is excluded from con 
sideration in the present paper , the part played by the pituitary m these dis- 
orders is very complex 

(e) Hypothalamic lesions may give clinical evidence of their situation, but 
they may also produce symptoms suggestive of hypopituitarism This again is 
too laTge a subject to consider here 

(/) 1° haemochromatosis there is sometimes extreme genital atrophy, loss of 
pubic, axillary, and beard hair, and absence of 17-ketosteroid excretion, and the 
blood-sugar may fall to almost normal levels The skm may not be pigmented 
These findings may suggest that the diabetes mellitus has led to lateral necroses 
in the pituitary with resultant loss of function of the gland However, m one 
case of this type which we examined, the pituitary was histologically normal 
apart from slight haemosidenn deposition 

(g) In old age the axillary hair may disappear completely and the pubic hair 
become very sparse Similar changes may occasionally occur m prolonged 
emaciating diseases The distribution of the remaining pubio hair is normal, 
whereas m hypopituitarism there is complete loss over the pubes and only 
scanty hair on the labia rnajora 

[QJfM Xevr Scries Xo 721 B 
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4 Erroneous conceptions of the syndrome of hjpopitmtanm 

Finally, abort consideration is required of cases where the diagnosis of hypo- 
pituitansm rests on an erroneous conception of the cluneal syndrome which 
results from loss of the pituitary 

(а) The prevalent opinion that omaoiation is a cardinal symptom has led to 
the diagnosis of hypopituitarism being made in many cases of gross wasting due 
to various causes Tins error occurs most commonly m anorexia nervosa 

Anorexia nervosa and hypopituitarism have two chief symptoms in co mm on, 
amonorrhoea and a low basal motaboho rate In the former condition tho 
amonorrhoea is functional and tho low basal metabolic rato purely due to 
the malnutrition , both symptoms rapidly disappear when the psychological 
disturbance is corrected and tho food intake becomes adequate There is no 
ohnical evidence to indicate any reduction of pituitary funotion, and there ia no 
justification in tho present state of knowledge for postulating that tho amenor- 
rhoca and low basal metabolic rato are due to a functional hypopituitarism. 
Autopsies on these patients do not show any significant histological abnormality 
in tho pituitary 

(б) Similar remarks apply to progeria, which in earher descriptions was 
regarded as a constant manifestation of hypopituitarism White-haired, wizened 
women, particularly if thoy appear tlun, are sometimes diagnosed os cases of 
Simmonds’s disease, and tho low basal motaboho rate due to the malnutrition ib 
adduced ns supporting evidence Such cases rarely bear any critical examination 

Summary 

1 Among tho published records of cases of true hypopituitarism examined at 
autopsy, thoro aro 95 with long-standing lesions which had destroyed all, or 
nearly all, of tho pituitary without damaging tho hypothalamus These can be 
accepted ns pathologically proved examples of severe chrome hypopituitarism 

2 From an analysis of tho cluneal course in these reliable cases, the true 
sjTidromo is outlined Tho syndrome in cases of severe pituitary damage is the 
samo whatever tho pathological process which has destroyed the pituitary 

3 Tho common description of the syndrome m recent literature is incorrect, 
in that it includes a number of spurious characteristics, such as emaciation and 
progona Most of tho cases which show these two symptoms have no significant 
lesion in tho pituitary 
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APPENDIX 

The following cases illustrate the various aspects of the ohxncal syndrome and 
the pathology The first senes of cases was investigated, pathologically and the 
patients are described in some detail The senes consists of five severe cases 
(four due to post-partum necrosis, and the other an indeterminate scarring), 
three moderate cases (two of healed giant-cell granuloma, and the other an 
extrasellar tumour), and two minor cases (an empty sella, and an intrasellar 
cholesterol cyst) The second senes consists of nine severe cases due to 
post-partum neorosis, but with only cluneal evidence , they are desenbed as 
a composite group 

Post-partum, Necrosis 

The following four fatal cases are examples of severe hypopituitarism due to 
gross post-partum necrosis 

C L , 6-para , aged 33 years at death on November 16, 1946 
Previous history and onset of disease Before the onset of the illness in 1941 
after her last delivery, she was a healthy vigorous woman, who took pnde m 
her personal appearance and in her home Her first five delivenes were normal, 
and the babies were all breast-fed At the age of 28 years her sixth delivery was 
complicated by retamed placenta with considerable post-partum haemorrhage. 
She was given rectal salines and finally recovered During the puerpenum the 
breasts did not secrete or become painful There was occasional slight pyrexia 
for six days, but the lochia were normal 

Subsequent course After this delivery she became a dirty unkempt sloven, 
neglectmg her children and home so that only the help of the neighbours pre- 
vented the children from being left to starve She was mentally dull with fre- 
quent attacks of depression She felt the cold intensely and sat huddled beside 
the fire all day She had anorexia and, for a year or two, had some transient loss 
of weight She was always very pale There was permanent amenorrhoea, apart 
from shght haemorrhage on one day 11 months after the dehveiy The pubio 
and axillary hair gradually disappeared in the course of the next two years 
Later stages In May 1946 she was admitted to hospital with a diagnosis of 
myxoedema, anaemia, and avitaminosis Blood examination showed haemo- 
globin 80 per cent , red cells 3,600,000 per c mm , and white cells 7,200 per 
c mm A fractional test meal showed only a trace of free hydrochloric acid at 
II and 2 hours Under treatment with non, liver extract, and thyroid extract, 
the haemoglobin rose to 97 per cent , with red cells 4,600,000, and white cells 
9,400 per c mm On October 18 she developed pneumonia of the nght middle 
lobe, with pyrexia lasting about a week During her convalescence it was noted 
that she was fairly well nounshed and not prematurely aged Her skm was* 
strikingly pale Her blood-pre3sure was 110/70, and fasting blood-sugar 81 mg 
per 100 c c The absence of pubic and axillary hair was first noticed clinically 
at tins stage It was found that the genital tract was very atrophic, with a 
uterine cavity 5 cm m length Blood examination showed haemoglobin 60 per 
cont , red colls 4,100,000, and white cells 7,000 per c mm Convalescence was 
slow , the temperature and pulse remained normal, but she faded to regain her 
strength, and X-ray showed some opacity remaining in the right middle lobe 
Final illness On November 13, as a result of a misunderstanding, she was 
given one do30 of 8 units of soluble insulin subcutaneously During the following 
night she became stuporose, with twitching of facial muscles, but recovered 
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10 hours later, after tho administration of 2 litres of 6 per cent glucose-sabne 
intravenously On November 10 tho stupor and twitching of facial muscles 
recurred and sho lapsed into deep coma Sho was given intravenous glucose 
but this time without effect, and she died m 18 hours 
Pathological findings Hoiglit 58 in , slight build, normal nutrition (see Plate 
34) subcutaneous fat over abdomen 2 5 cm thick, and over sternum 1 5 cm 
thick Marked pallor of all skin Weak facial features Head hair dark and 
normal in texture and amount. Eyebrows thin No axillary or pubic hair, only 
a low flmaU linns on the labia Considerable erythema ab \gnz over shins Teeth 
normal 


Pile pituitary gland nos very small and shoved complete replacement of the 
anterior lobo by a loose and rather oedomatous connective tissue Sficroscopic- 
ally this had the usual appearance of condensed stroma, but was diffusely 
infiltrated by eosinophil leucocytes which were m places collected mto denser 
foci Only' very occasional pituitary colls woro found, these formed tiny acini 
at tho site of tho original capsule, and probably represented only about 2 per 
cent of tho original gland. Thoy consisted chiefly of indeterminate chromo- 
phobe or slightly basophil colls with very occasional eosinophil cells The 
posterior lobo was normal 

The thyroid was very atrophied and w eighcd 7 5 gm Only one parathyroid 
w ns found, but this appeared normal 
The suprnrcnals were small, tho loft woighmg 3 0 gm and tho right 4 0 gm., 
with a thin cortex, measuring from 0 4 to 0 5 mm in depth There was much 
thickening of tho fibrous capsulo Apart from atrophy, most of the cortex was 
of fairly normal histological appearance and had a full content of lipoid, but the 
zona reticulata was replaced by a flat band of fibrous tissue, rather hyaline m 
places Tho medulla was largo and contained no cortical cells 

The pancreas weighed 35 gm , histologically it showed numerous islets, and 
theso w ore of largo sizo with tho columns of colls separated by wide capillary 
spaces. 

Tho uterus and appondnges w eighcd 65 gm The uterus and cervix were small 
with vory atrophic ondomotnum Tho vagina and vulva were very atrophied. 
Tho ovaries woro of tho sizo and shape of small almonds, though one had also 
a clear cyst, 1 cm m diameter, projecting from its surfaco Histologically there 
were 12 to 20 primordial follicles in tho cortex of each section of a complete 


ovary, and occasional corpora fibrosa 

Tho breast tissue consisted morcly of atrophic small ducts without acini Tie 
spleen was small and tho Malpighian bodies had no Flemming nodes lie 
viscera in goncral were small , the heart weighed 165 gm , the liver 825 gm , an 
tho kidneys 00 and 1 00 gm Tho right lung had extensive unresolved pneumonia 
in its upper lobo, with a smooth-walled gangrenous cavity 3 cm m diameter m 
tho lowor part of tho lobo This cavity was almost filled by a large mass o 
.necrotic lung There wore organizing adhesions over the upper right pleura 
The only other significant pathological finding was a cystitis of moderate 

sovcrity 


Comment It is surprising that she survived the acute stage of a 
and, after this, gangrene of lung These, however, appear to have set toe stag 
for tho coma which was precipitated by the insulin injection 


R O 3-vara aaed 34 years at death on April 30, 1946 

JZZ 
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records were destroyed during the war, and no information is now available 
about the delivery and puerpenum, except that the baby was bom alive 
Subsequent course After the delivery she never returned to normal health 
She had amenorrhoea and complained of always feeling tired, particularly m the 
afternoons Her weight remained normal She had dyspnoea on exertion and 
was frequently treated for anaemia Other clinical details are lac ki ng until 
December 1945 when she was admitted to hospital with a diagnosis of anaemia 
and mitral stenosis Intensive iron therapy raised her red cells from 2,800,000 
up to 4,100,000 per c mm and her haemoglobin from 58 per cent up to 75 per 
cent The blood-urea was normal The electrocardiogram showed a biphasic 
T2 and T3 

Later stages On March 28, 1946, she developed a slight cold, and within two 
or three days lost her appetite and became very lethargic Her pulse was regular 
hut weak, and her blood-pressure 80/60 She was admitted to hospital, where it 
was noted that her skm was very white, her head hair dry and coarse, and her 
eyebrows deficient over the outer third There was some puffiness of the face, 
but no oedema elsewhere The teeth were all present, but there was extensive 
gingivitis A blood count showed haemoglobin 88 per cent , red cells 4,600,000 
per c mm , and white cells 6,200 per c mm A differential count showed poly- 
morphs 67, lymphocytes 28, monocytes 3 5, and eosinophils 1 5 per cent The 
plasma chlorine was 360 mg per 100 c c The cardiac condition appeared 
unchanged The pulse and temperature were normal A diagnosis of myxoe- 
dema was made and treatment with thyroid extract and vitamins instituted, 
but no improvement occurred At this point it was noticed incidentally that the 
patient had no pubic or axillary hair , this prompted a gynaecological examina- 
tion which revealed very great atrophy of vulva, vagma, and uterus She was 
therefore given a course of oestrogenic hormone which continued to the time of 
death 18 days later 

Final illness On April 26, in an attempt to improve her appetite, she was 
ordered 6 units of insulin subcutaneously twice a day After two days of this 
therapy she became very lethargic and slept most of the tame On the third 
day she developed two epileptiform attacks followed by deep coma, which con- 
tinued subsequently Some uterine haemorrhage occurred During the coma, 
a lumbar puncture was done, and examination of the cerebrospinal fluid showed 
chlorides of 680 mg and sugar of 14 mg per 100 c c After 14 hours in coma, 
she was given sugar by stomach tube, hut died shortly afterwards 

Pathological findings A small hghtly built woman Nutrition normal (see 
Plate 34), subcutaneous fat over abdomen 3 cm thick and over sternum 2 cm 
thick Marked pallor of skm No progena Head hair normal and brown in 
colour, outer halves of eyebrows very thin, no axillary or pubic hair, a few 
short hairs on the inner aspects of the labia Much erythema ab x gne Teeth 
normal. 

The pituitary 6talk appeared normal, but the posterior lobe was flattened 
against the posterior wall of the sella, and the anterior lobe was represented to 
the naked eye by only a filmy reticulum of connective tissue ^Microscopically 
one very small islet of anterior pituitary tissue was found This was assessed at 
about 4 per cent of the original amount It lay directly in contact with the 
shrunkon posterior lobe and consisted of cells without very clear differentiation 
into cell types The remainder of the anterior lobe consisted only of loose 
fibrillar connective tissue which appeared to be mainlv the condensed remains 
of the original stroma 

The thyroid was very atrophied and weighed 4 7 gm The acini were all very 
small, but contained colloid Slight focal lymphocytic infiltration was present 



36G 


H L SHEEHAN AND V K SUMMERS 

Only ono parathyroid was examined , tins was about twice the normal size It 
consisted mainly of chief cells, but there were a few isolated oxyphil cells 
The suprarenale > were small , loft 3 5 gm , right 2 8 gm The fibrous capsule 
was very tluck The cortex was white and full of lipoid, but was very thm 
varying from 0 2 to 0 3 mm m depth The zona glomorulosa and zona fascicu- 
late ucre miniatures of the normal, but the reticulata was represented only by 
a thm band of connective tissuo forming a Bliarp boundary between cortex and 
medulla and containing a number of open capillaries The medulla was healthy 
and appeared very plentiful , it contained no cortical cells 
Tho uterus had a thm muscle wall, but there was extensive haemorrhage on 
the innor surfneo and into tho lumen , tho uterus including blood clot weighed 
125 gm Microscopically, practically no traces of endometrium could be found 
in tho clot over tho innor surfneo of tho uterus Tho ovane 3 weighed 2 5 gm and 
3 0 gm , tho larger ovaiy containing a small fibrous-walled cyst and the smaller 
an old rathor largo corpus albicans, but no primordial follicles could be found 
Tho pancreas was small , microscopically tho islets were veiy numerous and 
largo with tho cell columns widely spaced from each other 

Tho heart weighed 250 gm and show ed considerable mitral stenosis and some 
tricuspid stonosis Tlioro was much brown induration of both lungs The liver 
woighed 1,030 gm and showed chronic venous congestion with some lobular 
regeneration , there was much fibrous thickening of portal tracts The gall- 
bladder contained 20 pigment stones, each about 5 mm diameter The kidneys 
were congested and weighed 110 gm and 130 gm , they showed slight fatty 
chango m tho spiral tubules There was much congestion and oedema of the 
bladder mucosa Tho aorta showed a peculiarly gelatinous atheroma 

Comment Though there are no obstetric details, the cluneal course and 
pathological findings suggest very strongly that she must have had severe 
haemorrhage or shock at tho delivery It is of interest that she survived for 
tlireo days after tho institution of insulin therapy Tho endometrial haemorrhage 
w as obviously duo to tho preceding administration of oestnn 


F L , 4-para, aged 51 years at death on March 23, 1947 

Previous history and onset oj disease She was in excellent health until 1935 
when her last child was bom She ‘ had a bad time ’ at this delivery and was kept 
in hospital for four months afterwards, but no further details could be obtained 
Subsequent course During the 12 years since the delivery she had had per- 
manent. amcnorrhoca She w as very sensitive to cold and spent all her time 
sitting beside tho firo Her appotito was poor, but her weight remained about 
normal Sho always appeared very pale She was weak and listless and unab e 
to do any housework Sho bocamo filthy and verminous, and the children and 
household became a ‘ problem ’ family She was treated occasionally for anaemia 

and also for indigestion , , , .. 

Later stages In May 1940 she had an attack of severe vomiting which lasted 
for two days At tho end of tho second day she became almost comatose and 
was admitted to hospital, where she was at once given 1 2 litres of g™ 0 ® 3 ®- 
sahno intravenously This caused rapid improvement and her P^^mh had 
been very feoblo, became much stronger, with a Wood-pressure of 130/70 ine 
vomitinc ceased Her pulse-rate and temperature were normal The non- 
protein nitrogen at this time was 62 mg per 100 c c She was treated for thre 
weeks as a case of chrome constipation and cholelithiasis, and thm dischar^jd 
Final illness On March 19, 1947, she caught a severe cold On March Ji sue 
J2Z *%ld2d had atom* .peach She ^cHy lapsed mto eem-oma 
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with very weak heart-sounds and a cold s k i n She was admitted to hospital 
with the clinical diagnosis of cerebral thrombosis , unfortunately, m view of this 
diagnosis, no glucose-saline was given She became gradually more deeply 
comatose and died within 24 hours 

Pathological findings At autopsy the body was that of a small woman (57 m 
high) of normal nutrition (see Plate 34), the abdominal subcutaneous fat being 
4 cm thick The skm was very white The head hair was normal, the eyebrows 
very thin and short, and the axillary and pubic hair absent, but a little hair was 
still present over the vulva Erythema ab tgne was present on both s hins 
The pituitary was very 6mall and consisted of a rather fibrotic posterior lobe 
with some loose connective tissue m front of it Histological examination re- 
vealed only very occasional tiny islets of anterior pituitary cells remaining at 
the edge of tins connective tissue, possibly 2 or 3 per cent of the original gland 
The cells were weakly basophil and often very vacuolated 

The thyroid was very small, about 5 gm , and dull red on section Micro- 
scopically the acini were very small, but contained normal colloid There were 
many areas of severer atrophy with lymphocytic infiltration 

The suprarenals were both very small, weighing 1 05 gm and 1 2 gm The 
fibrous capsule was only slightly thickened The cortex vaned from 0 3 to 
0 4 mm m thickness It had a full content of lipoid The histological structure 
of the outer part was fairly normal, but the zona reticulata was replaced by a 
thin zone of flattened connective tissue In places there was a hyalinization of 
the inner half of the zona fasciculata extending outwards from the fibrous zone 
The medulla appeared of good quantity and contained no cortical cells 

The uterus and ovaries were extremely small The spleen weighed 40 gm and 
its Malpighian bodies showed no germinal centres The other viscera were also 
very small , heart 165 gm , hver 760 gm There were no other significant patho- 
logical findings apart from slight old pleural adhesions 

Comment The exact obstetric details are not avadable, but the remainder 
of the record is clearly indicative of a post-partum necrosis 

T B , 3-para, aged 52 years at death on September 3, 1947 

Previous history and onset of disease She was m good health until 1925 when, 
at her last delivery, she had severe post-partum haemorrhage and manual 
removal of the placenta No details of the puerpenum are available 

Subsequent course Dunng the 21 years after the delivery she had complete 
amenorrhoea and absence of hbido The pubic hair, which had been shaved at 
the time of delivery, never grew again, and the axillary hair disappeared within 
a few months She was very pale and her skm was dry Her eyebrows became 
thm She was very sensitive to cold She was dull and apathetic, neglected her 
housework, and stayed m bed much of the day She had a good appetite and 
steadily gamed weight, so that she was a very fat woman by the spring of 1947 
There was no evidence of progeria 

Later stages In March and April 1947 she had generalized slight oedema 
u Inch cleared up slowly , at the same time she gradually developed increasing 
drowsiness During May and J une she had a series of attacks of severe vomiting, 
accompanied by muoh weight-loss She was admitted to hospital m June with 
a diagnosis of ? nephritis, ? myxoedema Cerebration was very slow Her face 
was rather puffy, but there was no oedema There was severe atrophy of the 
vulva, vagina, and uterus The vaginal secretion had pH 8 and there was no 
glycogen in the vaginal epithelium There was much dental caries and oral 
sep«w but most teeth were present The temperature, pulse, and urrne were 
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normal Tim blood-pressure was 00/00 to 100/70 An electrocardiogram was 
normal A fractional tost meal showed no free hydrochloric acid. The blood 
uroa was 24 mg per 100 c c , and blood-cholesterol 88 mg per 100 c o A 
blood count showed haemoglobin 57 per cent , red cells 3,200,000 per c mm and 
u lute colls 4, GOO per c.mm The differential count gave polymorphs 55, lympho- 
cytes 39, monocytes 4, and eosinophils 2 per cent. Urinary ketosteroids were 

1 * m,° r 2i 10UrS ^ !l ° was troated for a month with thyroid extract without 
effect The attacks of vomiting continued and there was a farther loss of weight 
Ftnal illness On September 1 there was a severe vomiting attack with some 
vortigo Tho haemoglobin was 50 per cent and red cells 2,600,000 per c.mm 
Tho next day sho was very drowsy On September 3 she had a convulsion and 
bocamo comatoso Sho was given adrenalin, but there was no improvement and 
sho died in coma 12 hours later 1 

Pathological findings Hoight 04^- m , weight 91 lb Poor nutrition (see 
Plato 34), particularly over thorax and arms, with atrophy of fat in breasts, 
subcutaneous fat ovor sternum slightly less than 1 cm thick Abdomen and 
thighs hotter covered , abdominal fat 2 cm tfnek Faco very pale Head hair 
normal and dark in colour , 0 } r cbrows very thin, particularly over outer two- 
tlurds No nxillniy hair, pubic hair represented by only about half a dozen 
short hairs on tho labia No significant erythema ab igne 
Macroscopicnlly tho anterior lobo of tho pituitary was represented only by 
loose fibrous tissue Tho posterior lobo appeared shrunken, but the stalk was 
normal Microscopically thoro wns ono very tiny islet of chromophobe or weakly 
basophil colls in front of tho attachment of the stalk to the gland, and represent- 
ing about 2 por cent of tho original parenchyma This islet of parenchyma was 
not fibrotic Tho remainder of tho anterior lobe consisted only of partly 
hynlinwed looso connective tissuo fibres Tho posterior lobe showed some glial 
proliferation 

Tho thyroid wns small ( 10 gm ) and pale in colour Microscopically the alveoli 
were of modorato size, but with veiy flat epithelium , tho colloid was thin and 
did not stain with co3in Only ono parathyroid was found It was large, and 
consisted of chiof colls, many of which were m various stages of swelling up to 
very largo cloar colls, but thoro wero no oxyphil cells 

Tho adrenals wero very small (2 54 gm and 2-55 gm ) Tho capsule was very 
thick and fibrous and wns tlirown into folds by shrinkage of the gland The 
cortex was only 0 2 mm thick and was represented only by disorganized cell 
columns which wore probably tho remains of zona fasciculata There was veiy 
little lipoid, and pigment wns absent There was a band of hyaline fibrous 
tissuo between tho cortex and medulla The medulla appeared normal 

Tho panoreas weighed 55 gm The islets were histologically normal, but 
appeared to bo much more numerous than is usual 

Tho uterus wns very atrophied, measuring 5 cm from external os to penton 
surfneo of fundus Tho myometrium was35to40mm in thickness and con- 
sisted mamly of closely packed, large, coiled arteries The endometrium was 
0 7 mm thick and histologically consisted of a dense mass of plasma ceils ana 
lymphocytes with numerous congested capillaries This was covered by a trnn 
layer of squamous epithelium with a very minute remnant of an endometrial 

eland every 1 to 2 mm along the section 

The vagina was very atrophic Its mucosa showed the same chromo inflam- 
matory infiltration as the endometrium The ovanes were very small. 

The other organs showed little apart from a general splanchonomicna Heart 
200 gm with very thin muscle-fibres Liver 880 gm with some old local scare 
of iSZTolZ Kidneys 85 pa end 85 gm , mfl. nnonrccopnally 
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prominent juxta-glomerular complexes Lungs 630 gm and 490 gm , with con- 
siderable oedema of lower lobes and microscopically a very early broncho- 
pneumonia Spleen (200 gm ) and abdominal lymphnodes rather large , the 
Malpighian bodies and lymph follicles did not show any Fle mm i ng 's nodes 
The aorta showed moderate atheroma which histologically had a peculiarly 
homogeneous and structureless appearance There was one large gall-stone 
consisting almost entirely of pigment The great omentum contained a con- 
siderable amount of fat No thymus tissue could be recognized even on histo- 
logical examination 

Comment There was clearly a post-partum necrosis 21 years before death 
There was a slow increase of weight until the last six months, when severe 
vomiting produced much weight loss 

Indeterminate Scarring of Anterior Lobe 
The following patient showed pathological changes similar to those seen in 
post-partum necrosis, but the aetiology of the destruction is quite uncertain 
The lesion is classed as ‘severe’, but appears to be towards the lower range of 
that group 

Q N , 6-para, aged 77 years at death on October 23, 1947 

Previous history Her children were bom when Bhe was 21 to 27 years old No 
information is now available about the last delivery, which occurred in 1897 
Subsequent course She had no further pregnancies after the age of 27 years 
There do not appear to have been any non-medical causes for her subsequent 
sterility, but details of her menstrual history could not be obtained From 
the year 1940 onwards she spent much of her time sitting beside the fire, 
she was always very pale and was treated for anaemia on several occasions 
She did part of her own housework and occasionally went out of doors , usually 
she was quiet and reserved and did not appear to be seriously ill. Her weight 
remained unchanged From the autumn of 1940 she had headaches, giddiness, 
and dyspnoea on exertion. She appeared very anaemic, with skin of a light 
lemon-yellow colour She had developed some tingling, pam, and weakness in 
the legs 

Later stages Early in October 1947 she had diarrhoea, epigastric pam, and 
vomiting She was admitted to hospital, where a blood examination showed 
red cells 1,700,000 per c mm , white cells 3,400 per o mm , haemoglobin 41 per 
cent , and mean corpuscular volume 108 cu microns She had some oedema of 
the legs The blood-pressure was 160/60, pulse 64, and temperature normal 
After seven days’ treatment with liver extract and non, she had a reticulocyte 
response to 8 per cent , and after four weeks a blood count showed red cells 
2,100,000 per c mm and haemoglobin 48 per cent 

Final illness On October 22 she developed aphasia and a nght-sided hemi- 
plegia She died m coma next day The clinical diagnosis of cerebral throm- 
bosis was confirmed pathologically 

Pathological findings Height 60 m Nutrition normal (see Plate 35, the 
sternum and many of the viscera had not been replaced m the body) Subcu- 
taneous fat over abdomen 3 cm thick Skm of face slightly yellow, but quite 
smooth Skm over thighs and breasts showed some senile atrophy, but was not 
scaly Head hair white and of normal thickness for her age Eyebrows normal , 
no axillary, pubic, or vulvar hair No erythema ab igne 

The pituitary showed a normal posterior lohe, hut the anterior lobe was very 



370 


H. L. SHEEHAN AND V. K SUMMERS 

smaU and to the naked eye appeared to be replaced by fibrous tissue Micro- 
scopically a email area of parenchyma, about 5 per cent of the nonnal was 
found m front of the posterior lobe This was not fibrotio The cells were chiefly 
largo eosinophils, but a few of both other typos were present In front of this 
islet there was loose fibrous tissue, partly hyaline The general appearances 
were the samo as tlioso seen in patients with healed post-partum necrosis 
The thyroid weighed 0 S gm and was rather brown in colour Histologically 
it consisted of moderately small acini, full of colloid 
The suprarenals wore very small, weighing 2 G and 2 7 gra The fibrous 
capsulo was only slightly thickened The cortex was thm, averaging 0 4 mm 
m depth The cortical pattern was normal and there was no fibrosis between 
cortex and medulla 

Tho uterus weighed 25 gm and was vory atrophied The endometrium was 
of advanced senile typo , it consisted of a single row of small cysts under a fiat 
epithelium Tho ovnnos were very small and weighed 1 0 gm each They 
showed rather numerous old corpora albicantia 
Tho pancreas was nonnal to tho naked eye, hut was not examined micro- 
scopically The other viscera w ere very small , the kidneys weighed 70 gm each 
Thorc w ns one largo gall-stone, mainly consisting of pigment and about the size 
of a damson There was thrombosis of the left middle cerebral artery with 
recent softening of tho corpus stnatura on that side 


Ilealei Granuloma 

These tw o cases are examples of healed giant cell granuloma of the antenor 
pituitary which had practically reached the stage of an empty sella Neither 
could bo regarded as more than ‘moderate’ , the first of them appears to have 
su ffored tho greator degree of damage 


W L , nullipara, aged 69 years at death on December 4, 1947 
Previous history She was mamed at about 30 years, but had had no children 
Her menstraal history w ns unknown, and no details could be obtained about 
her earlier health except that she had had no medical attention for many years 
Clinical course Her husbafid died in 1945, and since then she had lived in 
hotels Hero she was reputed to bo the epitome of selfishness and laziness 
She spent most of her time sitting close in front of the fire and refused to move, 
even to allow other guests to get wnrm From September 1947 she stayed m 
bed most of tho day and was extremely sulky and unco-operative 
Final illness On December 1, 1947, she w'as very dull and her speech was 
thick On December 2 she became stuporose and fell when she tried to get out 
of bed She became semi-comatose on December 3 and was admitted to hospital 
that morning Hero she was found to have a vacant stare, generalized spasticity 
of muscles, slight neck rigidity, and loss of all deep reflexes The radial pulse 
could scarcely bo felt, but a blood-pressure reading of 110/60 was obtained. 
Her tomporature was 96° F , and her skin and extremities were very com 
B espiration was very quiet The bladder was distended and catheterization 
was required The urine contained a trace of albumen, but no acetone bhe was 
noted to be obese, the skin was dry and very pale with a light lemon-yellow 
tingo , tho nipples and areolae were very pale 

Bv the evening she was deeply comatose and the heart-rate bad fallen 
30 per inmute She was given OOccof Liq adrenalin hydrochloride subcu- 
taneously About 0,71 hour later the blood-sugar was 100 mg per 100 c c , blood 
urea 120 mg per 100 c c , and leucocyte count 3 400 per c mm The diagnosis 
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was considered to lie between cerebral thrombosis, uraemia, heart-block, and 
poisoning by some hypnotic drug On December 4 the coma became steadily 
deeper, the heart-sounds inaudible, and the temperature lower Death ocourred 
at 10 a m 

Pathological findings At post-mortem examination, the height was 61 m 
and the body was very well nourished (see Plate 36) The subcutaneous fat 
was 6 cm thick over the abdomen and 16 cm thick over the sternum The skin 
was white There was no pubic or axillary hair and the eyebrows were very 
thin The breast contours were norm al 

On macroscopic examination the sella appeared to be empty, but histologi- 
cally the floor of the sella was found to consist of a very flat layer of anterior 
pituitary tissue sandwiched between two thin layers of loose fibrous tissue. 
The posterior lobe lay at the back, slightly flattened but otherwise normal 
The amount of remaining anterior pituitary parenchyma was estimated, from 
its thickness and area, to be about 10 to 16 per cent of normal It was partly 
broken up by loose fibrous tissue and consisted chiefly of eosinophil cells, with 
a few chromophobes and basophils Scattered partly m the parenchyma, but 
particularly m the fibrous tissue on either surface, there was a heavy and 
extensive lymphocytic infiltration, and also various stages of ‘giant cell granu- 
loma’ For convenience the appearances of the ‘granulomatous’ process may 
be described as four distinct pictures, but there are all grades of intermediate 
stages 

(а) Areas, about 200 to 300 microns m diameter, m which there are very 
loosely arranged polygonal or elongated cells with irregular outline and an 
eosinophil cytoplasm. They have some resemblance to histiocytes m a chrome 
inflammatory focus, or to the endothelioid cells m a tubercle, but it is possible 
to find a tempting senes of steps between them and smgle pituitary parenchyma 
cells which he isolated m the neighbouring loose fibrous tissue Many lympho- 
cytes are present, scattered through the foci and also collected around their 
penphery 

(б) Similar areas in which certain of these cells are aggregated into small 
groups of three to five, forming ill-defined giant cells 

(c) Areas with two to four large giant cells which are about 20 microns 
diameter These resemble the giant cells of tuberculosis, and have about 20 
nuolei arranged penpherally, a homogeneous central cytoplasm, and a blurred 
edge There is a considerable infiltration of lymphocytes around them, but only 
a few of the small cells which characterized the areas described m (a) 

( d ) Similar areas m which the giant cells have increased to 60 or 90 microns 
m diameter The nuclei are correspondingly numerous The central cytoplasm 
passes through a phase of foaminess, then of very gross vacuolation, and finally 
becomes a clear space, which sometimes contains large basophil fibnilar in- 
clusions with a superficial resemblance to the rolled squames of a verrnx 
pneumonia 

The interpretation of these appearances is uncertain , m particular it is not 
clear whether they are stages of a process passing from (a) to (d), or from (a) to 
(d) and back again to (a) Furthermore, no conclusion can be reached as to 
whether the small cells are histiocytic or are derived from pituitary parenchyma 
The condition is, however, not m any way suggestive of tuberculosis or syphilis 

The thyroid weighed 66 gm It showed a large colloid adenoma of the left 
lobe, but the rest of the gland was not significantly atrophied, either naked- 
eye or microscopically 

The adrenals weighed 1 6 and 2 4 gm The cortex was very thin, but the 
medulla appeared normal 
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The uterus was very small, measuring only 4 cm from the top of the fundus to 
tlio external os It had two small intramural fibroids The myometnum am 
poured, to consist chiefly of closely packed nuclei with very little remaining 
cytoplasm Tho ondometnum had a single layer of cuboidal epithelium with 
vory occasional tiny remnants of glands The cervix was very atrophied and 
tho ovancs were about tho sizo of almonds. 

The heart weighed 250 gm and appeared normal apart from coronary 
othoromn Tho liver weighed 030 gm There was one large and one small gall- 
stone The kidneys weighod 100 gm each, and tho spleen 80 gm There was 
extensive atheroma in the abdominal aorta and in the cerebral artones, but the 
brnin was normal A moderate degree of divorticulosis was present m the pelvic 
colon. 

Comment. Tho contmuanco of the thyroid adenoma despite a considerable 
degree of hypopituitarism is of interest There is no evidence as to the date of 
origin or the rate of growth of the adenoma 

P L ,a parous woman, aged 62 years at death cm May 7, 1948 
Previous history Apart from tho fact that she had partial blindness due to 
old corneal opacities, no details of her earlier condition were obtained 
Clinical course Since August 1947 she had suffered from anorexia and a 
6oncs of sovero attacks of vomiting There was some loss of weight and much 
nsthoma In February 1948 she developed alternating constipation and diar- 
rhoea, and also frequency of micturition A tentative diagnosis of carcinoma of 
tho colon was mado, and she was admitted to hospital on March 5 Here she was 
noted to bo v ell nourished, but to show signs of recent weight-loss Her face 
was very white and her breast areolae were not pigmented Her head hair was 
normal, but hor eyebrows wero thin and she had no pubic or axillary hair The 
uterus could not bo palpated, and the vulva and vagma were very atrophic 
Cystoscopy revealed much chrome cystitis The blood-pressure was 110/85, 
tho pulse and tomporoturo wore normal A blood count showed red cells 4,500,000 
per c mm and haomoglobin 77 per cent On March 8 she became drowsy, and 
uraemia was suspected, but tho blood-urea was only 42 mg per 100 c c Intra- 
venous glucoso-sahno produced clinical recoveiy A further episode of drowsi- 
ness occurred on March 23 and 24, but she recovered spontaneously 

Final illness On April 22 sho developed nausea and anorexia and within two 
days had become vory drowsy again This state progressed into coma on 
Apnl 27 Sho was given glucose-saline by intravenous drip Some hours later 
hor blood-sugar was 118 mg and non-protein nitrogen 26 mg per 100 c c but 
there was no change in the coma The cerebrospinal fluid had a chlonde conten 
of only 020 mg per 100 c c but was otherwise normal The coma continued 
unchanged , pyrexia began on May 2 and she died with symptoms suggesting 
hypostatic pneumonia on May 7 

Pathological findings The body was of normal nutrition , the subcutaneous 
fat was 2 5 cm thick over the abdomen and 1 cm over the sternum The skin 
was very white The eyebrows were very thin , there was no axillary or pubic 

hair The breasts were of normal size 

Tho sella appeared to he empty apart from the pituitary stalk and tu 
posterior lobe attached to the wall behind Histological examination of these 
and of the dura forming the floor of the sella showed that the posterior lobe and 
Sfc rnclucS the pars tubarahs, were normal The anterior lobe was repre- 
sented by a flat layer of loose fibrous tissue along the floor of the sella About 
the centra of this fibrous tissue there was a thin lamina of anterior pituitary 
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tissue, consisting mainly of eosinophil cells These were arranged usually m 
acini, hut sometimes as isolated cells in the connective tissue Allowing for the 
area it occupied, the layer of remaining anterior pituitary parenchyma was 
estimated to be about 15 per cent of the original amount There was a fairly 
heavy diff use spr inkling of lymphocytes throughout the fibrous tissue and m 
a few places, usually near the original fibrous capsule, there were areas of ‘giant 
cell granuloma’ These areas were mostly in the stage described as (c) in the 
record of the previous case 

The thyroid was small (12 gm ) , its alveoli were uniformly small and con- 
tained pale-stainmg colloid 

The suprarenale were small, but their cortex was 0 8 mm thick and showed 
no histological abnormality, there was no fibrosis of the capsule or zona 
reticulata 

The uterus and appendages weighed 78 gm The endometrium showed senile 
atrophy, but had a fair number of glands, m contrast to the appearances seen 
in severe hypopituitarism The ovary was of senile type with a few microscopic 
cysts 

The heart was small (200 gm ), but the other viscera were not atrophic , liver 
1,600 gm , kidneys 140 and 160 gm There was shght atheroma of the aorta 
The bronchi contained much muco-pus Ho other pathological lesions were 
found 

Comment There is no evidence to indicate when the pituitary lesion originated 
The hypopituitarism was incomplete m various respects 

Empty Sella 

In this oase the damage to the pituitary appears to have been of only minor 
degree and thus had not led to any clinical symptoms of hypopituitarism The 
pituitary lesion was only an incidental finding at autopsy, and no evidence 
could be found, either naked-eye or microscopically, to account for the condi- 
tion The case is recorded only as an example of the particular pathological 
lesion 

M O , a multiparous woman, aged 63 years at death on May 2, 194S 
Previous history Chrome bronchitis smee 1917, otherwise nothing of note 
Present illness The entire course of the illness was that of a myelosclerosis 
with megakaryocytic splenomegaly, and there were no symptoms related to the 
pituitary From January 1947 she had anaemia (haemoglobin 45 per cent , 
red cells 2,600,000 per c mm , and white cells 2,800 to 4,100 per c mm with a 
normal differential count), oedema, and gro 33 ascites Numerous paracenteses 
were required and, finally, the large spleen (2,200 gm ) was removed She died 
four days later of post-operative broncho-pneumonia 

Pathological findings Body thin, with subcutaneous fat 1 to 1 5 cm thick over 
abdomen and about 0 6 cm thick over sternum Skm dark coloured, particularly 
on face Head hair and eyebrows normal, no axillary hair, normal pubic hair 
The sella was larger than normal and, on preliminary inspection, appeared to 
be quite empty Detailed examination showed that the pituitary stalk was 
attached to a flattened posterior lobe at the back of the sella and that the 
fibrous tissue forming the floor of the sella enclosed a layer of anterior pituitarv 
tissue about 0 5 mm thick This parenchyma had a fairly large area, so that it 
probably represented a third or more of the original gland It was very con- 
gested, but was not fibrotic It showed all three types of cell m then usual 
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The uterus was very small, measurmg only 4 cm from the top of the fundus to 
the external os It had two small intramural fibroids The myometrium ap- 
peared to consist chiefly of closoly packed nuclei with very little remaining 
oytoplasm The endometrium liad a single layer of cuboidal epithelium with 
very occasional tmy remnants of glands The comx was very atrophied and 
tho ovanes wore about the sizo of almonds 
The heart weighed 250 gm and appeared normal apart from coronary 
atheroma The hvor weighed 030 gm There was one large and one small gall- 
stono Tho kidnoys weighed 100 gm each, and the spleen 80 gm There was 
offensive atheroma in tho abdominal aorta and in the cerebral arteries, but the 
brain was normal A modorato degree of divorticulosis was present in the pelvic 
colon. 

Comment, Tho continuance of the thyroid adenoma despite a considerable 
degree of hypopituitarism is of interest There is no evidence as to the date of 
origin or tho rate of growth of tho adenoma 

P.L , a parous woman, aged 62 years at death on May 7, 1948 
Previous history Apart from tho fact that she had partial blindness due to 
old corneal opacities, no details of her earlier condition were obtained 
Clinical course Since August 194 7 she had suffered from anorexia and a 
sorics of severe attacks of vomiting There was some loss of weight and much 
nsthoma In February 1948 she developed alternating constipation and diar- 
rhoea, and also froquoncy of micturition A tentative diagnosis of carcinoma of 
tho colon was mado, and she was admitted to hospital on March 5 Here she was 
noted to bo well nourished, but to show signs of recent weight-loss Her face 
was very white and her breast areolae wore not pigmented Her head hair was 
normal, but her oyobrows were tlun and she had no pubic or axillary hair The 
uterus could not be palpated, and tho vulva and vagina were very atrophic 
Cystoscopy revealed much chronic cystitis The blood-pressure was 110/85, 
the pulse and temperature wore normal A blood count showed red cells 4,600,000 
por c mm and haemoglobin 77 per cent On March 8 she became drowsy, and 
uraemia was suspected, but the blood-urea was only 42 mg per 100 o c Intra- 
venous glucoso-sahne produced clinical recovery A further episode of drowsi- 
ness occurred on March 23 and 24, but she recovered spontaneously 
Final illness On April 22 she developed nausea and anorexia and within two 
days had become very drowsy again This state progressed into coma on 
April 27 She was given glucose-saline by intravenous drip Some hours later 
her blood-sugar was 118 mg and non-protein nitrogen 20 mg per 100 c c but 
there was no change in tho coma The cerebrospinal fluid bad a chloride conten 
of only G20 mg por 100 c c but was otherwise normal The coma continued 
unchanged , pyrexia began on May 2 and she died with symptoms suggesting 
hypostatic pneumonia on May 7 

Pathological findings The body was of normal nutation , the subcutaneous 
fat was 2 6 cm thick over the abdomen and 1 cm over the sternum lhe stan 
was very white The eyebrows were very thin, there was no axillary or pubic 

hair The breasts were of normal size ^ „ , . 

The Bella appeared to be empty apart from the pituitary stalk and the 
posterior lobe attached to the wall behind Histological examination of these 
and of the dura forming the floor of the sella showed that the posterior lobe and 
stalk including the pars tuberalis, were normal The anterior lobe was repre- 
sented bv a flat layer of loose fibrous tissue along the floor of the sella About 
of this fibrous tissue there was a thin lamina of anterior pituitary 
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There was a sharply defined calcified tumour, about 3 cm. m diameter, m the 
midline in the hypothalamic region It occupied the region from the optic 
chiasma back to the pons, reached upwards to about the centre of the third 
ventricle, and projected downwards to fill the sella, though without producing 
any expansion of this structure Histologically the tumour was a cranio- 
pharyngioma , its general structure was a cancellous osteoma with, m places, 
a transition to fibrous tissue of a peculiarly slotted appearance as if it had con- 
tamed crystals 

The pituitary was compressed to a small plaque on the floor of the sella The 
anterior lobe parenchyma was not fibrotic and showed all three types of cell in 
the usual proportions It was estimated to be about 20 or 25 per cent of the 
normal amount 

The thyroid was very small, weighing only 7 gm Most of the acini were 
small, but a few were of medium size There was very little colloid , a few of the 
larger acini contained a httle watery eosinophil colloid which had flowed to one 
side after death, and a few contained a httle basophil colloid 
The left suprarenal was small , its cortex was 0 8 mm thick and there was 
a band of fibrosis between cortex and medulla, but the capsule was not thickened 
The nght suprarenal showed some patches of haemorrhagic necrosis m the 
cortex, apparently three or four days old 
The testes were very small and soft, and were flattened to a disk shape Their 
tubules were almost occluded by an enormous hyaline thickening of the base- 
ment membrane Most of the tubules had no epithelium, but a few were lined 
by a single layer of vacuolated epithelium The tubules were separated by loose 
connective tissue m winch there were no interstitial cells The epididymis con- 
sisted of flattened tubules with a good epithelial lining The prostate was 
scarcely 1 cm in diameter, so that it was found only on careful dissootion , 
histologically it showed great atrophy of the glands and muscle 

The other viscera were small, particularly the heart, liver, and kidneys, hut 
were otherwise normal The lungs showed a very extensive terminal broncho- 
pneumonia 

Comment The craniopharyngioma appears to have enlarged very slowly, and 
to have produced no symptoms before the age of 29 years It had replaced all 
the hypothalamic region of the brain, and the question arises of how much of 
the apparent hypopituitarism may have been really secondary to this hypo- 
thalamic pressure 

B L , male, aged 68 years at death on May 17, 1946 

Clinical history He had had symptoms of a duodenal ulcer in 1943 and some 
cardiac symptoms since early 1945 There was no evidence of hypopituitarism 
He collapsed suddenly m the street and died m a few minu tes 

Pathological findings A big well-built man of good nutrition Hair distribu- 
tion normal 

Lying in the front half of the sella and projecting slightly upwards from it, 
there was a spherical yellowish mass 1 0 cm m diameter The anterior lobe of 
the pituitary showed compression atrophy to a wedge-shaped area in front of 
the lower half of the posterior lobe The remaining parenchyma was about one- 
thud of the original amount and consisted of eosinophil and large basophil cells 
m approximately equal numbers, with remarkably few chromophobe cells 
There was no fibrosis The mass m front of the gland was made up of a thin 
fibrous coat enclosing a large centre of sohd homogeneous yellowish material 
Histologically this material consisted basically of an acellular and rather 
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proportions, but the eosinophil cells wore very largo and rather hyaline It was 
well demarcated from tho overlying dura, which was histologically normal and 
was presumably formed from tho original diaphragma sellae The posterior 
lobo showed some patchy infiltration with lymphocytes and eosinophil leuco- 

Tho thyroid woighcd 31 gm and showed alveoli of normal size and with 
normal content of colloid. 

Tho supraronals wore of normal size, with cortex 1 0 to I 5 mm deop There 
was no fibrosis of tho capsule or of tho zona reticulata, but there was much 
lound celled infiltration m patches noar tho medulla The uterus and ovanes 
woro of tho usual post-menopausal appearance The endometrium was thm and 
showed dilated glands , tho ovanes showed many old corpora albicantia 

There was no splanclmomicna , tho heart weighed 410 gm , the hver 2,900 gm , 
and tho kidneys 200 gm and 200 gm 

Tho othor pathological changes were gross myeloid infiltration with numerous 
megakaryocytes m tho excised spleen, thrombosis of the remainder of the 
splenic vcm, myolosclorosis with marrow hyperplasia in the hones examined, 
contrdobular necrosis of tho liver of a few day’s duration, and some terminal 
broncho-pneumonta 


Cysts and Tumours 

Tho following two cases arc included only as pathological examples of pressure 
atrophy of tho pituitary by craniopharyngioma or cysts The first was an extra- 
sollar tumour producing a moderate degree of pituitary damage , the second was 
an intrasellar cholesterol cyst producing only minor pituitary damage 


A T , male, aged G4 years at death on March S, 1947 
Previous history Ho had married at 27 years, and became the father of a 
child at tho ago of 29 years 

Clinical course From tho ago of 29 years ho was impotent and gradually 
developed symptoms suggesting myxoedema, he never sweated, he became 
anaemic, and ho lost ins axillary hair and most of his pubic hair After the age 
of 4(3 years ho had occasional treatment with thyroid extract, which seemed to 
improve his genoral condition, and he was also given a variety of hver prepara- 
tions, but without much effect on the anaemia He was able to continue bis 
occupation os a clerk 

Final illness On February 20, 1947, he developed severe vertigo When 
examined, ho was wearing four jerseys and three coats and complained of 
oxtromo sonsitivity to cold His speech was very slow and hesitating The 
blood-pressure was 115/75 and pulse-rate slow On March 1, when he was next < 
scon, he was stuporose and had dysphagia and a paresis of the left external 
rectus musclo Tho noxt day he became semiconscious with generalized rigidity 
Retinal examination showed some optic atrophy, the cerebrospinal fluid was 
normal and not under increased pressure The blood-urea was 56 mg per 100 o c 
The blood-pressure was 120/85, pulse 58, and temperature 97 &e remained 
unconscious thereafter, with pulse GO, and temperature 9/ to 97 4 P On 
March 7 he became deoply comatose and died next day 

Pathological findings A large well-built man, of good ^tmn (see Pkte^ 
with ouite thick subcutaneous fat The skin had a creamy-white > colour Head 
ham dark grey , eyebrows scanty over outer half , scanty moustache , very slight 
ofTid at sides of ohm, although he had not shaved for about two 
weeks before death No axillary or pubic hair 
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(c) All the patients had become very sensitive to cold and had stopped 
sweating All except one sat by the fire most of the day so that they had well- 
marked erythema ab igne This was red and non-pigmented One of the patients 
had a fairly typical myxoedematons facies and two others had an appearance 
suggesting hypothyroidism In fact, five of them had been at one time or other 
diagnosed and treated as cases of myxoedema without any improvement m the 
symptoms, and two had been diagnosed as suffering from nephritis The head 
hair was normal m amount and texture in all patients and was never grey , the 
eyebrows were very much thinned in eight, and moderately thinned m the other 
patient The skin was always dry and, m two patients, there was very slight 
scahness over the arms and legs The thyroid could not be palpated in any of 
the patients 

Table V 

Clinical Oases of Post-partum Necrosis General data 

Blood chemistry 




Dura 



( mg per 100 c c ) 

Bed cells 

Haemo- 



lion 

Height 

Weight 

t 

A 

, 

{millions 

globin - 

Name 

Age 

(yrs ) 

(tn ) 

{lb) 

Sod 

Ohlor 

Cholest 

per c mm ) 

( per cent ) 

PM 

37 

6 

654 

123 

300 

365 


32 

72 

8 M. 

34 

8 

69 

136 






MY 

43 

8 

694 

116 

306 

346 

160 

47 

96 

RB 

43 
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60 

112 
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326 

38 

86 

DV 

47 

11 

67 

107 

334 

336 

348 

46 

86 

B 8 

35 

12 

63 

143 



448 

6 l 

91 

A.M 

38 

16 

60 

118 

295 

286 

360 

37 

74 

A.G 

49 

17 

68 

107 

264 

370 

261 

28 

62 

DL 

50 

21 

02 

129 

286 

312 

240 

42 

80 


{d) All the patients complained of being very weak, becoming tired on slight 
exertion, and bemg unable to do their housework In one patient, however, 
this asthenia did not develop until 11 years after the significant delivery All 
were dull, quiet, and apathetio 

(e) All of the patients became very pale Seven of them had been treated for 
hypochromic anaemia, and four of these, when they failed to respond to iron, 
as cases of pernicious anaemia On examination, all had the typically white 
skin of face and body, with a complete absence of pigmentation of breast 
areolae and no lrnea nigra 

(/) Four of the patients reported that their weight had not changed since the 
delivery Two lost a considerable amount of weight during prolonged puerperal 
convalescence, but gradually returned to normal during the next two years 
Three of the patients increased in weight by about 14 lb during the two or 
three years after the delivery One patient was given vigorous thyroid treatment 
and loBt 28 lb m the course of three months, but regamed this when treatment 
was Btopped Photographs of the patients are shown on Plates 35, 30, and 37 
(some of these photographs were taken on chromatic negatives so that the colour 
rendering is untrue, particularly the false appearance of pigmentation on faces). 

(g) The facial appearance of all the patients was consistent with their stated 
ago , there was no unusual wrinkling or evidence of progena They all had dull, 
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hyaline material with slight concentric lamollation Scattered throughout, there 
wore numerous large cholesterol clefts, with somotimes a few fibroblasts and 
monocytes m the region of those clefts Towards the periphery this essentially 
dead contro merged gradually into the fibrous capsule which contained some 
small capillaries, numerous tiny areas of calcification, and occasional foreirn- 
body giant cells 

Tlio thyroid and adrenals appeared of normal size and healthy 

Tho other pathological findings were a hypertrophied heart (600 gm ) with 
old and roeont infarcts duo to coronary atheroma, some hypertensive change 
in tho ronal arterioles, and a small duodonal ulcer 

Comments Tins oholesterol cyst was only an incidental post-mortem finding 
and had no clinical offeots It is included only as a pathological example of a 
lesion which, if large, can load to significant pressure on the pituitaiy 


Cltmcal Cases of Post-partum Necrosis 

Tho following nine cases, which have been studied in tho past two years, are 
described as a group They are clinical cases with typical obstetric histones, but 
they lack pathological verification Tho clinical course in all of them is charac- 
teristic of 8ovore pituitary damage, ns judged from the syndrome seen in 
proved cases 

Previous history and onset of illness These patients had been in normal health 
before the last delivery and appear to have been careful and competent house- 
wives They all had clear histories of very severe circulatory collapse at the last 
delivery This collapse had nearly always been treated by transfusion of blood 
or sahno, and tho patients were unconscious for some hours at the time The 
causes of tho collapse wore — severe third stage or post-partum haemorrhage 
in six, section with sovero haemorrhage in one, severe ante-partnm haemor- 
rhage m one, and post-partum shock after eclampsia m the remaining patient 
During tho puerponum tho breasts nover became hard or knotty, but shrank 
to tho non-pregnant condition m the course of two or three days , there was 
never any lactation One patient had puerperal sepsis and two had a very 
slow convalescence 

Subsequent course (a) After the delivery all the patients had permanent 
amenorrhoea, but none developed any menopausal symptoms Libido was lost 
m all On examination, the genital organs always showed the same condition 
The vulva and vagina were very atrophic, the vagina] mucosa had no glycogen, 
and the scanty vaginal secretion had a pH of 7 to 8 , the cervix was represented 
only by a dimple , the uterus and appendages were too small to palpate In- 
vestigation of the uterus by sound or curette was not made The breasts were 
of normal shape and consistency 

(6) The pubic and axillary hair disappeared gradually in the course of a few 
months to about two years On examination there was never any hair in the 
axillae or on the pubis, but all the patients had very scanty hair on the inner 
side of the labia majora The axillary skm was smooth, diy, and lacking the 
normal greasiness 
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(c) All the patients had become very sensitive to cold and had stopped 
sweating All except one sat by the fixe most of the day so that they had well- 
marked erythema ab tgne This was red and non-pigmented One of the patients 
had a fairly typical myxoedematous facies and two others had an appearance 
suggesting hypothyroidism In fact, five of them had been at one time or other 
diagnosed and treated as cases of myxoedema without any improvement in the 
symptoms, and two had been diagnosed as suffering from nephritis The head 
hair was normal in amount and texture in all patients and was never grey , the 
eyebrows were very much thinned in eight, and moderately thinned in the other 
patient The skin was always dry and, m two patients, there was very slight 
scaliness over the arms and legs The thyroid could not be palpated in any of 
the patients 

Table V 

Clinical Cases of Post-partum Necrosis General data 

Blood chemistry 




Dura- 



(mff per 100 c c ) 
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tion 

Height 


f~ 

* 



(millions 

globxn 

Name 

Age 

(y™ ) 

(.») 

(lb) 

Sod 

Ohlor 

Cholest 

per c mm ) 

( per cent ) 

PM 

37 

6 

66J 

123 

300 

365 


32 

72 

SM 

34 

8 

69 

135 






MY 

43 

8 

69 J 

116 

306 

345 

160 

47 

96 

RB 

43 

9 

60 

112 

330 


325 

38 

86 

DV 

47 

11 

67 

107 

334 

336 

348 

46 

86 

B 8 

36 

12 

63 

143 



448 

51 

91 

A.M 

38 

16 

60 

118 

296 

286 

360 

37 

74 

A.G 

49 

17 

68 

107 

264 

370 
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( d ) All the patients complained of being very weak, beco min g tired on slight 
exertion, and being unable to do their housework In one patient, however, 
this asthenia did not develop until 11 years after the significant delivery All 
were dull, quiet, and apathetic 

(e) All of the patients became very pale Seven of them had been treated for 
hypochromic anaemia, and four of these, when they failed to respond to iron, 
as cases of pernicious anaemia On examination, all had the typically white 
8km of face and body, with a complete absence of pigmentation of breast 
areolae and no lrnea nig ra 

(/) Pour of the patients reported that their weight had not changed since the 
delivery Two lost a considerable amount of weight during prolonged puerperal 
convalescence, but gradually returned to normal during the next two years. 
Three of the patients increased in weight by about 14 lb during the two or 
three years after the delivery One patient was given vigorous thyroid treatment 
and lost 28 lb m the course of three months, but regamed this when treatment 
was stopped Photographs of the patients are shown on Plates 35, 36, and 37 
(some of these photographs were taken on chromatic negatives so that the colour 
rendering is untrue, particularly the false appearance of pigmentation on faces). 

(g) The facial appearance of all the patients was consistent with their stated 
ago , there was no unusual wrinkling or evidence of progeria They all had dull. 
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expressionless faces and soft, quiet, slow voices The dental condition was a fair 
sample of that m women in this age group 

(h) Three of the patients had had attacks of coma and two others had been 
stuporoso In threo of these, recovery was spontaneous, but, in the other two, 
intravenous glucose was required 

(t) Cortain cluneal and pathological data are given m Tables V and YI It 
will bo noted that most of these patients were below average height, this may 
or may not bo of significance 


Table VI 

Clinical Cases of Posl-partum Necrosis Blood-sugars ( mg per 100 c c ) 
in insulin tolerance tests 


(Pattonb S M received 0 1 units per kg ) 
Minutes after 0 03 units oj insulin per bj intravenously 


Nan lc 

0 

10 

20 

30 

45 

CO 

90 

120 

PJU 

74 


50 

44 

39 

45 

45 

47 

SM 

70 


32 

20 





MY 









EB 

02 

» • 

62 

47 

52 

54 

46 

46 

D V 


• 







BS 

G2 


44 

32 

20 

27 



A.M 

00 

00 

65 

00 

4G 



70 

AG 

107 

96 

G8 

50 

44 

61 

70 

DL 

71 

65 

45 

41 

50 

45 

60 

65 


(j) Various other examinations wore carried out, the more important find- 
ings were ns follows The pulse-rate was usually 05 to 80 The blood-pressure 
ranged from 100/70 to 155(100 Electrocardiograms showed low voltages in 
throe patients, nogativo T2 and T3 m one, and left axis deviation in the fifth 
patient examined Estimations of 17-ketosteroid excretion were made in eight 
patients , one had 0 7 mg per 24 hours, the others gave zero readings The basal 
metabolic rate was measured m four patients with readings of —30, 38, 47, 

and —59 per cent The loucooyte count ranged from 5,400 to 7,200 per c mm 
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expressionless faces and soft, quiet, slow voices. The dental condition was a fair 
Bample of that m women in tins age group 
(h) Throo of the patients had had attacks of coma and two others had been 
stuporoso. In threo of theso, recovery was spontaneous, but, in the other two, 
intravenous glucose was required 

(t) Certain clinical and pathological data arc given m Tables V and VI It 
will bo noted that most of these patients wore below average height , thiB may 
or may not bo of significance 


Table VI 

Clinical Cases of Post-parlum Necrosis Blood-sugars {mg per 100 c c ) 
in insulin tolerance tests 
(Pationt S M received 0 1 units per kg ) 


Minutes after 0 03 units of insulin per ky intravenously 


Name 

0 

10 

20 

30 

45 

60 

00 

120 

PM 

74 


50 

44 

39 

45 

45 

47 

sai 

70 


32 

20 





MY 









BB 

02 


02 

47 

52 

54 

45 

40 

DV 









B.S 

02 


44 

32 

20 

27 



A At 

00 

60 

55 

DO 

46 



70 

AG 

107 

00 

08 

50 

44 

51 

70 

DL 

71 

05 

45 

41 

50 

46 

60 

65 


(g) Various other examinations were earned out, the more important find- 
ings wore as follows The pulse-rate was usually 05 to 80 The blood-pressure 
ranged from 100/70 to 155/100 Electrocardiograms showed low voltages in 
three patients, negative T2 and T3 in one, and left axis deviation m the fifth 
pationt examined Estimations of 17-kctosteroid excretion were made in eight 
patients , one had 0 7 mg per 24 hours, the others gave zero readings The basal 
motaboho rate was measured in four patients with readings of —30, —38, —47, 
and —50 por cent Tho leucocyte count ranged from 5,400 to 7,200 per c mm 
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GENETIC AND ENVIRONMENTAL FACTORS IN 
CONGENITAL HEART DISEASE 1 

By MAURICE CAMPBELL 

(From the Cardiac Department, Guy’s Hospital, and the Institute of 
Cardiology, London) 

Introduction 

Congenital heart disease and congenital defects in general may be due to 
genetic or environmental factors A positive family history in most cases would 
he the best evidence of genetic factors, and this is not forthcoming The small 
number of women with congenital heart disease who marry and have children 
limits the frequency of such a history, but should not prevent the collection 
of enough collaterals to be decisive Although such a family history is not 
common, most workers agree that it is more common than would be expected 
by chance Abbott (1927) found 11 pairs of brothers or sisters with such 
a heart defect and Brown (1939) has seen six instances Taussig (1947) has seen 
four families where there was more than one member with congenital heart 
disease, m two of these the condition passing through more than one generation , 
m one the grandfather, two of three children, and one of two grandchildren had 
a patent ductus arteriosus A family history of patent ductus sefems more common 
than of other lesions, perhaps because of its better prognosis , for example, it 
was found m twins by Smith (1929) and m sisters by Jewesbury (1912) and 
Ellis (1933), two reoent papers have recorded such cases Walker and Ellis 
(1940) reported a father and four of eight children with patent ductus, and 
a mother and foetus with identical high ventricular septal defects Stem and 
Barber (1946) recorded a mother aged 34 years with coarctation of the aorta, 
and a daughter aged rune years and a son aged 12 years who were both thought 
to have a patent ductus We have observed the opposite combmation, where 
the mother had a patent ductus and the daughter had coarctation (see p 386) 
In such a comprehensive book as that of Gates (1946) there is not much per- 
tinent information about the inheritance of congenital heart disease, and this 
made it seem more worth while to collect and report the data that follow 

Mendehan Inheritance in General and in Dextrocardia 
A character that is transmitted as a Mendehan do min ant, is fairly easy to 
recognize From the small number of cases with direct transmission from parent 
to child this seems to be excluded, though it does not exclude the trans miss ion 
in this way of some tendency that could lead to a defect developing if the 
environment were suitable Thus, Campbell and Warner (1926) found that 

1 Recoivcd Moroh 12, 1949, 
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acholuric jaundice could bo shown to bo inherited as a Mendelian dominant 
character, if ono examined tho other mombers of the family and so detected 
latont cases with tho specific changes in tho blood, in whom no cxtnnBio factor 
had precipitated onotigh haemolysis to cause jaundice and a large spleen 
A roccssivo Mondohan character is moro difficult to detect, and the frequency 
rntli which tho lesion follows consanguineous mamages, especially those be- 
twcon first cousins, gives ono clue Rocslor (1928) observed consanguinity in 
10 per cont. of lus cases of cardiac defects, but this has not been confirmed by 
others and is low in our senes Cockayne (1938) has shown that dextrocardia 
with transposition of tho viscera is more common after first consm marriages 
and is, thoreforo, almost certainly transmitted as a recessive Mendelian char- 
acter. As complete transposition occurs m 1 in 20,000 subjects, and marriages 
between first cousins in between 0 0 and 0 9 per cent among hospital patients 
m a largo town, ho deduced that if dextrocardia is a Mendelian recessive char- 
acter first-cousin marriages among tho parents of such patients should occur 
m botween 5 and 9 per cent actually, ho found six such mamages of the parents 
among Ins 53 cases, and so provided ample confirmation for this view Cockayne 
found 15 examples of Fallot’s tetralogy and some other congenital abnormabties 
in those with comploto transposition of the viscera, although it is generally said 
that such n lesion is of no significance, and this is, of course, true of those with 
no othor dofeot Ho found that five of his own 55 cases had congenital heart 
disease Congomtnl abnormabties occur more frequently m patients with 
isolated doxtrocardia u hero tho other viscera are not transposed, and Cockayne 
produced somo evidence that this may bo transmitted in the same way From 
this and tho association of dextrocardia with Fallot’s tetralogy Cockayne con- 
cluded that Fallot’s tetralogy might bo earned by tho same or a closely associ- 
ated gone It seemed possible, therefore, that Fallot’s tetralogy and other 
congenital defects might ho transmitted as a recessive character even where 
tliero was no dextrocardia 

Congenital Defects in General 

Malpns (1937) made a general inquiry into congenital malformations found 
at tho Liverpool Maternity Hospital in tho years 1923 to 1932 There were 294 
defects in 13,904 births, about 2 per cent , only 10 of these were cardiac, but 
he recognized that only those where the lesion was obvious in the first few days 
of lifo would bo included Multiple defects m the same child were common, and 
those of unknown aetiology occurred mixed with defects that are known to be 
hereditary, for example, brachydactyly Malpas (1942) thought that the inci- 
dence of foetal malformations was closely hound up with the problem of abor- 
tion-stillbirth sequences and that, if a malformation occurred in such sequences 
for which no cause could be found, the prognosis of a normal child in the future 

was not as good as it would be otherwise 

Congenital Malformations by Murphy (1940, 1947) is a mine of information 
about congenital defects His study was based on all the children with a con- 
genital malformation as the mam cause of death during a five-year period 
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(1929 to 1933) in Philadelphia, and dealt with 1,476 recorded congenital abnor- 
malities, m 890 of which there was confirmation of the diagnoses Murphy 
found that 47 of each 10,000 births were children with obvious congenital 
defeots, that 26 per cent of these were stillbirths, and that, as far as his records 
went, 77 per cent of the children had a defect of one part of the body only. 
From the nature of the inquiry the defects were inevitably serious ones, and 
90 per cent of the children died within a year In families with one defective 
chdd the proportion of subsequent ohildren with congenital defects was raised 
to 1 1 per cent instead of being under 0 5 per cent Among these fafanhes he 
studied 33 pairs of twins , in 12 both were normal, m 18 one was defective, and 
in three both were defective He found that 1 8 per cent of the families gave 
a history of consanguineous marriages between the parents or their progenitors 
Murphy concluded that there was httle evidence of environmental changes as 
the cause of these defects and some evidence that they were due to genetic 
causes, and he gave four mam reasons for this 

1 Congenital defeots were nearly twice as common among the white as 
among the negro population 

2 There was a striking sex ratio m certain defects The number of male 
children to each 100 female children being 306 for pylonc stenosis, 188 for hare 
lip and cleft palate, and 170 for hydrocephalus alone, but only 115 for all con- 
genital defects 

3 He found a period of ‘relative sterility ’ about the time that the children 
with congenital defeots were bom, miscarriages and stillbirths occurring more 
often just before and after the pregnancy in question Malformed children were 
bom prematurely four times as often as others and more often of older than 
of younger mothers, and ohildren bom later m the family were more often 
defective When a second defective child was bom in the same family it was 
more likely to be later rather than just after the first one, as might be expected 
with an environmental cause 

4 Even more important was that a second defective child was found more 
frequently in the same families This was also true among more distant relatives, 
congenital defects bemg found m 6 9 per cent of the cases In families with 
two defective childron the defects were the same in over 60 per cent , and where 
more distant relatives were concerned, m just under 50 per cent Murphy gave 
two specially striking examples In one a mother gave birth to two successive 
cluldren with absence of the diaphragm, both on the right side, although this 
rare defect is generally on the left side In the second, the father had a child 
with a hare lip and cleft palate by each of two wives and m each instance on 
the right side, which is less common Murphy found much less that u as signifi- 
cant as regards the environment (see below) 

Maternal Rubella and Other Environmental Factors 
"Until recently there was not much direct evidence of the environment bemg 
responsible, though in animal experiment drastic ohanges m the environment 
liavo resulted in congenital defects In 1941 Gregg described 78 cases, including 
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13 of Ins own, of congenital cataract occurring after rubella m the mother 
during the first two months of pregnancy The cataract was usually bilateral 
and rather different from othor types described Congenital heart conditions 
noro noted in 44 of these 78 cases Few dotads were given as the paper was 
mainly ophthalmic, but in tho three cases with necropsy there was patenoy of 
tho ductus arteriosus. In the oight cases examined by Dr Harper none were 
cyanotic and most had harsh systolic murmurs, some with a thrill In 20 of the 
35 cases where information was available, tho child w'as a first child and Gregg 
correlated tlus with tho young mothers as a large number of young adults were 
infoctcd with rubolla in the 1940 epidemic 
These observations of Gregg led to a careful survey by a team of workers in 
Australia during tho noxt fow years Swan, Tostonn, Moore, Mayo, and Black 
(1943) reported 31 cases which they had collected. If the rubella was during 
tho first or second month 25 of 25 children were affeoted, but during the third 
month only four out of eight children, and after this only two of 16 children 
Among those 31 cases thoro were 13 with congenital cataract, seven deaf-mutes, 
and 1 7 with cardiao defects Fairly full details of the cardiao defects were given. 
In three tho diagnosis was confirmed post mortem and all had wide patency 
of tho ductus arteriosus and a small patency of tho foramen ovale, one having 
also a small defect of the mombranous ventricular septum In four there were 
systoho and diastolic murmurs with or without a thrill, suggesting a patent 
ductus , m three thoro was cardiao enlargement , and m seven there was a sys- 
tolic murmur, but even if these last are doubtful there is good evidence of the 
occurrence of congenital heart disease Cyanosis was not mentioned in any case 
Murphy (1947) has collected 295 reports of congenital defects occurring after 
maternal rubella during pregnancy In 101 there was cataract, sometimes with 
othor oyo defects m tho same patents Heart defects were the next commonest 
finding, 117 cases, then deaf-mutism, 88 cases, then mental deficiency and 
backwardness, 28 cases , and somo of these defects over-lapping Turning to 
tho goncral environment, Murphy (1947) found much less that was significant 
Ho found no difforenco as regards tho families’ economic or social status, or the 
fathers occupation, or as regards the moidence of any chrome disease in either 
parent (8 per cent ) or of syphilitic infection (12 per cent ) On the other hand, 

40 per cent of the mothers had diets that were thought to be deficient in 
calcium, phosphorus, iron, or vitamins B, G, and D, and <0 per cent were 
anaemic (under 80 per cent haemoglobin), but be gave no figures for control 
mothors with normal children and apparently did not regard the findings as 
unusual 


Scope of the Present Inquiry 

The chance of seeing so many ohildren with congenital heart disease provided 
an opportunity for inquiries about any unusual features of the pregnancy that 
might have influenced the production of the defeot From the start the parents 
(and both were generally seen) were asked about consanguinity and about 
German measles After a few weeks, inquiries about haemorrhage or threatened 



FACTORS IN CONGENITAL HEART DISEASE 


383 


abortion and any illnesses during pregnancy were added The answers were 
recorded in a special part of the form that was drawn up to be completed m 
each case Unfortunately, the form contained no question about defects m 
relations of either parent, though such information was often volunteered or was 
obtained at later visits No regular question was asked about previous mis- 
carriages and abortions, but recent experience has made me more interested 
in this aspect and further inquiries are being made The work of Murphy (1940, 
1947) and Malpas (1937, 1942) also suggests that this would be of interest, but 
I had not read these papers until the present inquiry was completed, so that any 
concordant conclusions reached from the investigation may be regarded as 
mdependent confirmation More than 300 forms were available for analysis 
They were divided into cyanotic and acyanotie cases, the former meaning that 
cyanosis was constantly present at rest A history of cyanosis at times or on 
exertion was not considered enough, because I was anxious to mclude only 
cases that were certain The details for these two groups are given separately 
so that the mam part of the paper deals with cyanotic congenital heart disease 
(morbus coeruleus) As the patients get older, details about the mother’s preg- 
nancy are less likely to be full and accurate, but in the mam they were younger 
children, so that the information should be reasonably reliable though not 
complete The ages of the cyanotic patients were as follows 

Age group 0 to 4 6 to 9 10 to 14 16 to 19 20 to 24 25 and over 

years years years years years years 

Number of cases 108 100 66 26 16 26 

At first I analysed the patients not seen as out-patients (privately and else- 
where) separately, because the longer time available for talking might have 
revealed more details, but there was no difference The figures have, therefore, 
been combined The inquiries about consanguinity and information about 
mbs and more distant relations with other congenital defects might provide 
evidence about genetic factors The inquiries about rubella and other illnesses 
during pregnancy might reveal some possible environmental influence No 
inquiries about the general background of the mothers were made, but they 
Beemed distributed m normal proportions between different social and occupa- 
tional classes, and were not below the average as regards their health If any- 
thing marked these parents it was their exceptional care and devotion to the 
children 

Genetic Factors 

Any factors that might have a bearing on the genetics of congenital heart- 
disease will be considered first, and then any possible causes in the environ- 
ment There was no striking sex incidence, but the condition was a little more 
common among boyts, 185 hoys and 155 girls There were six pans of twins 
where one of the pan had morbus coeruleus There was no case where both 
twins were so affected I have no proof that any of these pans were identical 
twins, but m one this was thought to bo so, on account of then close general 
rcsemblanco until the healthy member developed better because of the heart 
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disoaso m the ofchor. In most cases the healthy member rvas examined and 
found to bo normal 

In 255 of 259 unsolectcd patients, moludmg one with true dextrocardia, 
■v\ here the question was asked, there was no known relationship between the 
parents of children with morbus coorulous or between their families In the 
other four the parents wore first cousins (Case 0115) or second cousins (Cases 
0121 and 0143) and m the fourth the father’s mother and the mother’s mother 
were first cousins (Case 01 SI) In addition to this the father’s parents were 
first cousins in one case (Caso 0001), but this would have no influence on the 
next generation ns regards a recessn e character In 55 acyanotic cases there 
v as no known consanguinity among the parents The figures (four of 259 cases, 

1 5 por cont ) are not much above the normal expectation of 0 6 to 0 9 per cent 
of hospital patients m a largo town, as given by Cockayne (1938) It is, how- 
ovor, more certain that cousin marriages will bo found in greater numbers 
among tho parents w hen any particular recessive gene is rare among the general 
population, and this has been well shown in alkaptonuria As a gene is more 
w idoly spread a larger proportion of cases will arise from random matings and 
the mcidonco of cousin marriages may become less significant It seems, there- 
fore, that there is no evidence that congenital heart disease is transmitted as 
a Mendoknn recessive character, though this possibility cannot be excluded 
Tho small mcrenso might moan that this type of transmission is important in 
some small group of cases 

Congenital heart disease tn relatives No question about relatives with con- 
gomtal heart disenso or other defoots was asked regularly Even so, m 100 
consecutive cases seen unhurriedly (private pationts or hospital m-patients) 
thoro wore soven whore there was a history of sibs or of other members of the 
family with congomtal heart disoaso This is much more than would be expected 
bj chanco, and indicates some developmental abnormality due to genetic 
factors In ono tho first child was born cyanotic and died at 11 days old with 
a diagnosis of congomtal heart disease , the patient, who died with a mastoid 
infection and corebral complications, had Fallot’s tetralogy (Case P068) In 
another, tho pationt with gross cyanosis, probably from Fallot’s tetralogy with 
a patent ductus arteriosus, was the eldest, the second child hved only a few 
minutes, but there was no clear evidence as to congenital heart disease , in the 
third, who hved only four months, there was cyanosis of the hps and the mother 
was told that doath was due to congenital heart disease (Case P021) In another 
whore the pationt had severe Fallot's tetralogy, one brother had acyanotic 
congomtal heart disease, but the type was not known (Case P028) In another, 
tho eldest child had pyloric stenosis, and in addition a cousin of the mother prob- 
ably had dextrocardia (Case P086) In another the father’s brother was said to 
have died with morbns coeruleus at three months of age (P007) In another 
tho father’s first cousin had a baby that died after five hours from congomtal 
heart disease (Case P089) In another there was a vague history of the father s 
relatives having bad children with congenital heart disease (Case P030) Among 
the other cases the following notes were recorded although no question was 
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asked regularly The father’s two sisters both had children with congenital 
heart disease, one probably cyanotio and one always cyanotic who died when 
21 years old (Case 0207) A brother was blue from birth and died at the age of 
nine years , there was no necropsy, but as he was deeply cyanotic, much dis- 
abled, and squatted, he probably had Fallot’s tetralogy, there was one normal 
older sister (Case 0185) The uncle of one patient died at 18 months from con- 
genital heart disease (Case 0006) One brother died with congenital heart disease 
at 10 weeks (Case CBll) The sister of one patient died two hours after birth 
with congenital heart disease (Case 0110) There was a similar but less certain 
story m another case (Case 0097) 

Dr Paul Wood gave me the opportunity of seeing two brothers where con- 
genital heart disease was known to be present The eldest, aged eight years, 
had never been cyanotio , he was fully investigated with angiocardiography and 
cardiac catheterization and was thought to have pulmonary stenosis and a 
ventricular septal defect, with an aneurysm of the nght pulmonary artery and 
pulmonary regurgitation (Case H272) The younger, aged five years, had been 
cyanotic from birth and appeared a straightforward case of Fallot’s tetralogy 
(Case Hi 16) 

Dr V K St G Breakey has given me details of an interesting family where 
auricular septal defect was present in a child and her mother and grandmother 
The girl, aged seven years, had had congestion of the lungs three times and 
was always breathless on running At four years of age the doctor noticed 
a long, harsh systolic murmur mammal in the fourth left interspace Radio- 
scopy showed the heart size at the upper limits of normal with fullness of the 
nght aunole and pulmonary conus and a small aortic knuckle The pulmonary 
arteries were prommont with enough pulsation to be called a hilar dance The 
mother, aged 37 years, was known to have had a murmur since early infancy 
and was looked on as having congenital heart disease when she developed 
rheumatic fever at 1 6 years of age There was a malar flush with slight dyspnoea 
on exertion There was a long, harsh systoho murmur similar to that of her 
daughter and a different systolic and presystohe murmur at the apex Radio- 
scopy showed considerable enlargement of the heart with a large nght ventricle 
and nght auricle There was a large pulmonary artery, especially on the left 
side, and a full pulmonary conus , there was very obvious hilar pulsation and 
the pulsation extended far out into the lung fields Her mother had died of 
acute heart failure when she was aged 38 years, and there was an autopsy record 
of auncular septal defect, but no other details were known 

Mother with patent ductus arteriosus and daughter mth coarctation Among 
the aoyanotic cases there were two further examples A girl aged eight years 
(Caso 0255) had been under observation for four years with coarctation of the 
aorta She looked a healthy child and had no symptoms except a little fatigue. 
There was striking pulsation m the neck and a blood-pressure of about 100/110 
m tlio arms, with no palpable pulse m the abdominal aorta or legs Collateral 
circulation could bo seen m the back when sho bent down, and notching of the 
ribs was first certain u hen she was six years The heart was at the upper limi ts 
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of normal, cnrdio-thoracic ratio 51 (10 25/20 cm ) It wag possible that she 
had somo additional lesion, as the pulmonary arc was prominent and pulsatile 
and a faint diastolic murmur was sometimes heard towards the apex There 
was no rheumatic history or other signs of mitral stenosis, and though a patent 
ductus would explain tho shape of the heart, it seems unlikely that this was 
presont and more likely that she had a slight aortic leak. Her mother, aged 
31 years, would not have attended hospital except to bring her daughter 
■with hor, but she had been told that she had heart disease as a child and had 
not been allowed to play games at school She had led a normal life other- 
wise Her heart was not enlarged and there was a soft continuous murmur 
high up on tho left sido under tho clavicle, characteristic of patent ductus 
arteriosus, and a faint systolic thrill Tho pulmonary artery was prominent, 
but not outsido normal limits It was thought that her murmur must have 
been more obvious when sho was a girl, as it seemed unlikely that a school 
examination at that fcimo would have revealed the murmur described 

Environmental Factors 

Rubella and other illnesses during pregnancy Whether a genetio factor is 
responsible or not, there might be some factor in tho environment that is partly 
responsible for tho production of congenital abnormalities m the heart and 
olscw bore Inquiries wore, therefore, made about any illnesses during pregnancy 
that could have led to injury to tho foetus, and special attention was paid to 
a history of rubolla or of haemorrhage or threatened abortion The answer 
about illnesses during pregnancy was completed on 250 forms In 177 the 
recorded answer wns no illness, no rubella, no haemorrhage, showing that the 
last two questions had been asked specifically , m 32 the recorded answer was 
no illness, no rubella , in sovon no illness , and in 10 (all early cases when perhaps 
no other question was asked) no rubolla Less than one in 10 (24 cases) gave any 
answer that could bo significant Bubolla was specifically inquired for in view 
of tho reports that it may cause congenital heart disease and there were four 
positive answers horo, which is more than would be expected by chance One 
patient, Case P037, who also had a congenital cataract, was bom on 18 10 40, 
and hor mother had had rubella m the previous March or April The heart 
post mortem showed a very largo opening between the right and left aunoles, 
tho latter being small and ill-developed, and the other features being typical 
of Fallot’s tetralogy with a small pulmonary artery and a fairly severe infundi- 
bular stenosis She was in the Bristol Eye Hospital when she was one year old 
and it was observed that she had constant rotatory nystagmus, and a dense 
lens opacity in the anterior cortex and centre When admitted to Guy’s Hospital 
Mr Law reported a lens opacity and right fixation nystagmus 

Case P045 was bom on 13 10 40 and her mother had had rubella that Easter 
In 1948 she appeared to be an ordinary case of Fallot’s tetralogy and was 
groatly helped by Blalock’s operation One of the last big epidemics of rubella, 
with an unusual number of adults affected, was in 1940 it is interesting that 
two of these four cases should have occurred in the same epidemic of rubella 
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that led to the discovery of the connexion m Australia The mother of Case 
0248, bom in January 1945, contracted rubella just after conception and the 
child had a left congenital cataract as well as Fallot’s tetralogy, a second child 
bom smce appears normal Case P008 with Fallot’s tetralogy was the fourth, 
but as he was 25 years old the details were less certain he was, however, bom 
three weeks prematurely and thought that his mother had had rubella about 
the second month Against these four, there were 239 cases where it was 
recorded that there had been no attack of rubella 

Other infectious diseases were not asked for specifically It seems unlikely 
that when German measles was asked about, one would not have obtained 
the information if, in fact, the mothers had suffered from ordinary measles, 
as they were also asked about other illnesses There is little, if any, evidence 
that measles and most other virus diseases are capable of producing congenital 
defects in this way, though anterior poliomyelitis may do so As evidence that 
such histones would probably have been obtained if present, there are notes 
that the mother of Case P016 had very severe measles m which she went almost 
blind a year before he was bom, and the mother of Case P058 nursed her 
daughter with severe mumps when she was two months pregnant, but did not 
develop any symptoms or apparently contract the disease 

Other illnesses and haemorrhage In addition to the four with rubella there were 
14 with an illness of some sort during pregnancy that was thought worth 
mention and six with haemorrhage or threatened abortion , they were as follows • 
The mother was worse dunng this than any other pregnancies and had had 
bronchitis for the first three months (Case 0001) 

The mother was in hospital with pleurisy from three months until the birth 
of the child, had made a good recovery, and had been well smce Presumably 
this was tuberculous as the father had pulmonary tuberculosis (Case 0009) 
The mother had pleurisy at three months and fluid was removed from the 
chest, and she also had kidney trouble at a later stage, perhaps pyelonephritis 
She, too, had made a good recovery and was grossly overweight (Case 0011) 
The mother had a bronchial cough at three months, but does not appear to 
have been laid up with it (Case 0042) 

The mother had ‘kidney trouble’ at three months (Case 0107) 

The mother had shingles on the right leg at two months (Case 0139) 

The mother had pleurisy and pneumonia at two months This patient was 
one of non-identical twins, the other being normal (Case 0193) 

Tho mother had whooping-cough at the start of her pregnancy (Case 0210) 
The mother had a severe fall at three months, her previous pregnancy having 
beon a tubal one (Case 0217) 

Tho mother had had an operation for ? salpingitis and thought that both 
tubes had beon tied m November 1941 Tho patient was bom on 10 8 42, so 
presumably tho pregnancy had started just before the operation, during her 
illness (Case 0211, with tncuspid atresia and a non-functioning nght ventricle) 

, T 110 mothor of ono patient (an only child) had had toxaemia of pregnancy at 
soven months with nn induced labour at eight months and a child that died at 
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birth , secondly, a miscarriage at throe months after hyperemesis, and thirdly, 
sovore vomiting, anaemia, and pyelitis that kept her in bed from the eighth 
to tho thirteenth week of the prognanoy m which the patient was bom 
(Caso 0018) 

Tho remaining tlireo of tho 1 4 had less definite illnesses One mother thought 
that hor vomiting during tho first month had been unusually severe, another 
had rather more attacks of asthma than usual, tho third had severe ibsduxdib 
and nervous symptoms 

Thoro was a total of 14 oases , unless otherwise stated all these children were 
thought to have Fallot’s tetralogy or a closely related lesion 

Threatened abortion Hnemorrhago or threatened abortion at an early stage 
of prognanoy (six casos) might indicate changes that had led or could lead to 
injury to tho foetus and somo congenital defect, and these questions were asked 
specifically' in nearly all cases, without revealing a significant number of per- 
tinont histones 

Ono mother was told that she had a retroverted uterus at 10 weeks, Bhe had 
pain but no bleeding (Caso P079) 

Another had an operation for retroverted uterus at seven weeks (Case 
P087) 

Another had hnemorrhago and threatened abortion at two months (Case 
0120), and two others at tlireo months (Cases 0100 and P022) 

A sixth saw hor ponods regularly up to tho fourth month, but there does not 
seem to havo been anything else unusual (Case P040) 

Previous and subsequent miscarriages No detailed records wore made of 
previous or subsequent miscarriages, but recent inquiries suggest that tho factor 
causing a miscarriago m ono pregnancy might lead to the birth of a child with 
a dofoct in anothor 

Caso 0018 just quoted (p 387) is ono example Tho mother of Case 0076 with 
Fallot’s tetralogy 7 had n 20-vecks miscarriage one year after the patient was 
bom and again had a miscarriage at four months, two years later The mother 
of Caso P226 with a patent ductus was resting and having injections of proges- 
terone because of tlireo previous miscarriages 

Tho mothor of Case P22S, a child with pulmonary stenosis, after one normal 
child, had a premature baby that did not live, and then a miscarriage , when 
pregnant with the patient she had to rest and have injections, probably of 
progestorono, from the first or second month 

Tho mothor of Cose P212 had two miscarriages, at three months and two 
months, and had rest and rejections (? corpus luteum) during her next preg- 
nancy , tho child had pulmonary valvular stenosis and a very large heart (con- 
firmed post mortem ) 

Since writing the present paper I have been given two more similar histones 
Tho mothor of Case 0067 had two spontaneous abortions after the death 
of her first child from whooping-cough, and because of this had mjeotions 
throughout her next pregnancy when the patient, who had Fallot’s tetralogy, 

was bom 
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The mother of Case Pi 12 had two miscarriages, at three months and five 
months, and dur ing the pregnancy in question was resting and having proges- 
terone mjectaons, and again had a threatened miscarriage at three months and 
6even months; the child was cyanotic and was thought to have congenital 
pulmonary stenosis 

Brown (1948) has recently reported three patients with bleeding and threat- 
ened miscarriages where for speoial reasons treatment with ovarian hormones 
was continued longer than usual, all pregnanoies terminated prematurely 
between the 30th and 35th weeks with abnormal babies, two with exomphalos 
and one with microcephaly , none of the three survived 
Acyanoitc cases There were no examples of rubella among the mothers of 
60 acyanotio cases There were only five with any history of illness during 
pregnancy The mother of one boy with an undiagnosed congenital heart and 
pituitary deficiency had developed diabetes during her pregnancy (Case P211) 
The mother of a boy with pure pulmonary stenosis had an attaok of gall-stones 
(Case P213), and another mother had recurrent kidney trouble during her 
pregnancy Another had erythema nodosum at six weeks, but also had such 
an attack about the same stage of a subsequent pregnancy and the child was 
normal (Case 0111) A fifth had bronchitis and asthma from the third month 
(Case H264) 

A history of tuberculosis seemed uncommon In one case there was a good 
deal of tuberculosis in the father’s family , the first child was stillborn and the 
second had probably a large auricular septal defect (Case P227) In another 
the mother complained of no illness during pregnancy, but was admitted to 
a sanatorium with tuberculosis of the lung when the child was about six months’ 
old, so possibly active infection had, m fact, started earber (Case P039) 

Discussion of Illnesses during Pregnancy 

If these illnesses were of no significance it is curious that so many were in 
the second or third month of pregnancy, though no indication had been given 
to the parents of what period one was interested m Even the third month is 
probably too late, as the stage of development when these malformations could 
most readily ocour would be six or eight weeks, but a pathological process that 
led to the overt illness later might sometimes have started earlier Illnesses 
during the later months of pregnancy did not seem unusual and have been 
omitted As a control for these figures I have compared them with some his- 
tones obtained by Evans (1048) in normal parents when he was investigating 
the influence of illnesses during pregnancy m the mothers of children with 
spastic and athetoid types of paralysis In 50 controls he found 14 illn esses 
among 10 of the mothers-— threatened abortion m four, toxaemia of pregnancy 
in two, prolonged vomiting m two, pyelitis in two, and miscellaneous conditions 
in four These figures should be more accurate as special inquiries were being 
made at the interview, but they appear to be of the same order as in the parents 
of the children with congenital heart disease Further, Mr G F Gibberd 
has kindly read the part of tho present paper about illnesses during pregnancy 
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and allows mo to quoto his impression that rubella is the only disease that is 
significantly more common than would bo expected, and that the general 
incidence of illnesses, in particular as regards ‘kidney disease’ and threatened 
abortion, is no greater than among mothers selected at random A total of 
24 cases out of 250 docs not seem to bo a significant proportion of the whole, and 
probably a random selection of cases would give as many instances But the 
four cases u hero the mothor had rubella and a child was bom subsequently 
with morbus coorulous (and twice with cataract) must certainly be significant 
It is possible, therefore, that some of the other illnesses may also have been of 
importance, especially ns so many of thorn wore about the second or third month 
of prognnnoy. 

(Summary and Conclusions 

Tho case notes of 300 children with congenital heart disease, seen since Sep- 
tember 1047, havo been examined for ovidonco of gonotic or environmental 
factors m its causation About 250 wero cyanotic and 50 acyanotic, but the 
numbers wero not quite tho same for each part of tho inquiry as not all inquiry 
forms wero complete 

In four cases m tho 6ones (1 0 per cent of tho cyanotio cases), the congenital 
heart disoaso, gonornlly Fallot’s tetralogy, appeared to bo duo to the mother 
having had rubella during tho first two or three months of pregnanoy , two of 
these children hnd congomtal cataract also and one was mentally backward 
Most of tho reported Australian cases had noyanotic heart disease, so it is 
interesting to know that rubella is also one causo, but not an important one 
statistically, of morbus coorulous 

No decisive ovidonco of tho importance of other environmental factors has 
been found Anterior poliomyelitis and deep X-ray therapy for tho mother 
during pregnancy may causo congomtal defects, though I have no personal 
examples of these No other illnesses and no other outsido factors during preg- 
nancy havo boon proved to bo significant by these cases, though there is some 
ovidonco, winch is bomg investigated more fully, that senes of stillbirths and 
miscarriages may ho of importance It is not, of course, certain that these are 
duo to environmental causes, because the stillbirths and miscamagesanddefeots 
might all bo duo to genotio causes 

Although it is relatively uncommon for two or more examples of congenital 
heart disease to occur in a family, two striking instances, and some others less 
striking, wore onoountered These were two brothers, one with Fallot’s tetralogy 
and ono with pulmonary stenosis and aneurysmal dilatation of the pulmonary 
artery There was a mother with a patent ductus arteriosus and a daughter 
with coarctation of the aorta 

Altogether, more congenital defects, especially of the heart, were found 
among the sibs and more distant relatives of these patients than could be 
expected by chance, and this is the best evidence that a genetic factor is often 
responsible Questions about these relations with congenital defects were not 
asked systematically, but from some samples it seemed that they occurred in 
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out 7 per cent of the cases, and were often of the same nature as the 
feot m the original patient 

Congenital defects of other parts of the body were found in many cases, but 
3 not discussed here 

Consanguineous mamages were inquired for in an attempt to show that a 
lessive Mendehan type of transmission was important Four examples were 
md, which is somewhat, but not greatly, above the average (1 5 per cent of 
e cyanotic cases, as against the usual figure of 0 6 to 0 9 per cent ) bo that no 
ndusive evidence was found about the method of inheritance 
The causes of congenital heart disease are mainly genetic, though maternal 
bella early in pregnancy is occasionally responsible It is right, clinically, to 
11 the mother that there is no nsk of other children being bom with congenital 
art disease This is not scientifically true, but the risk that the next two or 
en three children will show any serious congenital defect is small 
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THE ASSOCIATION OF PHYSICIANS OF GREAT BRITAIN 

AND IRELAND 

1949 

FORTY-THIRD ANNUAL GENERAL MEETING 

The Forty-Third Aunttax. Generad Meeting was held at Belfast on Friday and Satur- 
day, June 3 and 4, 1949, in Queen's University The attendance book was signed by 150 
members and 7 visitors The proceedings began at 9 45 a m 

The President, Professor John Hay, was in the Chair 

The Minutes of the last Annual General Meeting having been published in the Quarterly 
Journal of Medicine were taken as read, confirmed, and signed 

The Treasurer presented the Annual Accounts He pointed out that by paying grants 
to the Clarendon Press for coloured illustrations for the Quarterly Journal of Medicine, and 
by paying travelkng expenses of the Committee as previously agreed, the Association 
could not pay its way without raising the subscription This he was unwilling to recom- 
mend. After discussion it was agreed that, except m special circumstances, no grants 
would in future bo made for coloured illustrations, and that travelling expenses would be 
payable only for the second Committee meeting, exoept in the case of officers and the local 
secretary, when travelling expenses would be paid for both meetings The Accounts were 
then adopted 

Place of Meeting in 1950 It was agreed to meet m London m 1960 

Election of Officers 

President Professor W W D Thomson was elected President and took the Chair He 
expressed the thanks of the Association to the retiring President, Professor John Hay 

Executive Committee 

President Professor W W D Thomson 
Treasurer Dr C Newman 
Secretary Dr W I Card 

Members for England 

Dr Robort Coope 
Professor C H Stuart Hams 
Dr G Bourne 
Dr T C Hunt 
Professor R E Tunbndgo 
Dr K Shirley Smith 

Members for Scotland 

Dr T N Morgan 
Dr J K Slater 
Dr W R Snodgrass 

Members for Ireland 

Dr D M Mitchell 
Dr A Thompson 
Dr H Hilton Stewart 


Election of Honorary Member 
Professor John Hay 
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ASSOCIATION OF PHYSICIANS 

Election of Extra Ordinary Members 

Dp J IoF C Burrow 
Sir Jolrn Conybenro 
Professor Jolm Craig 
Dr Ivor J Davies 
Dr Anthony Foiling 
Professor T H Olivor 
Professor R A Petcre 
Professor V M Syngo 


Election of Ordinary Members 

’“jass,' 1 * 5 md ' pbcp ’ 

Cl area co John Gnvoj , M D , F R C P , Assistant Physician, Westminster Hospital 
"SSbu^S? taly Lnmb ’ MB - FR CP, Ed. Ass at ant Physician, Royal Infirmary, 

Samuel ! Lazarus, M D , M R C P , Dispensary’ Physician, Western Infirmarv, Glasgow 
Br Unn eraity r ° Mn< T a,th ’ M B ' D P!nl - Professor «f Tropical Medicine, Liverpool 

Brendan Edward O Bncn, M B , F.R C P , Assistant to Professor of Modiomo, Dublin 
Unix ersity 

Richard William Parnell, BM,MRCP, Phvsicinn, Instituto of Social Medicmo, Oxford 
Fnmcw Thomas Gnmot Prunty, MD, M R C P , Assistant Physician, St Thomas’s 
Hospital 

Rormnn Lloyd Rush} , D M , F R C P , Assistant Physician, Tlio London Hospital 
Henry John Wade, M D , M.R C P , Assistant Physician, Salford Royal Hospital 
Stephen Robert Ferguson Whittaker, M D , F.R C P , Consulting Physician to Warwick- 
shire Countj Council 


SCIENTIFIC BUSINESS 


Friday Mommy, June 3 

1 Dn J C Gilson (introduced by Dn C M Fletcher) described a method of Record 
ing of Diaphragmatic Movement Using tho ilouresccnt. screen of the N-ray sot, provided 
with a tilting table, a shadow of tho diaphragm is followed with a perspex block linked 
by a Bowden cnblo to a pen recording on a kymograph On tho snmo kymograph a record 
of tho spirogram is obtained from a closed circuit ro breathing spirometer Cross wires on 
tlio sorecn and a scalo on tho edgo of tho tablo provide an accurate means of recording 
tho positions, and also ensure that only the central rays from the tube are used, thus 
ax oiding distortion Tlio motliod had been npphed to 12 subjects in sox en postures, molud 
mg lying on tlio sido As tlio subject changed position from standing to one lying at 46° 
head -down, there was a progrcssixo decrease m tho reserve air expressed ns a percentage 
of tlio xital cajincity, and also a reduction of tho mox cment of tho diaphragm nbox-e the 
resting lox cl during full expiration In contrast there was no close relation between vital 
capacity and total dinphmgmntic moxement xntli change of posture Tho method had 
been used to study tho timo relations of diaphragmatic mox ement and tho volume of air 
expelled during tho xutal capacity measurements A record xvas shoxvn of the action of 
‘Floxcdd’, in xvlucli complete paralysis of the x'oluntary muscles occurred, leaving tho 
diaphragmatic excursions unaffected 


2 Dr R N Tatters all (introduced by r Professor R E Tuitbiudqe) described 
00 cases of Senile Purpura in 800 elderly' patients Ho said that this condition xvas recog- 
nizablo clinically by' its characteristic distribution on tlio extensor surface of tho forearm 
and hand, by' tho shapo of tho lesions, and by thoir recurrent nature The lesions could be 
produced artificially' by rumor traumata, but only' on the extensor surface of tho forearm 
and hand, and on tho faco Histologically an advanced degree of ‘senile elastosis’ was 
found m theso areas, but not olsowhere Routino blood investigations wero normal Tlio 
condition might bo distinguished from the other x’oneties of purpura occurring m old ago 
by the- distribution of tho lesions, their shape and size, and their natural history It bore 
no relationship to any systcmio disease or recognizable dietary deficiency HistoIogioaUy 
thoro was a constant association with o high degree of senile degeneration of exposed skm 
Thoro xvas considerable evidonco that trauma xvas the precipitating faotor m the production 
of the purpuric lesions, probably because tlie skm-xessels were inadequately supported 
by the degenerated connective tissue The exact nature of these degenerative changes in 
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the gTnn and the reasons why they always occurred in the same sites were matters of 
dispute 

Db F Parses Weber asked if there was any connexion between this condition and 
cerebral atheromatosis 

Sm Henry Tidy asked if nicotinic acid had been used for treatment 

Db. S B Boyd Campbell thought that nicotinic acid should be combined with the air 
of Northern Ireland 

Db D K 0 ’Donovan asked if Dr Tattersall had studied the phenomenon m patients 
with poorly controlled diabetes melhtus and premature arteriosclerosis 

Db C J Gavey mentioned a case of a woman with recurrent vitreous haemorrhages 
coincident with crops of ecchymoses on the upper arms This patient reminded us that 
haemorrhages in senile purpura are not confined to the skm 

Professor R. Platt asked what evidence there was that so-called elastio tissue had m 
fact the property of elasticity 

In lus reply Db Tattersall said that nicotinic acid was given a therapeutic trial, but 
produced no improvement He mentioned another case similar to Dr Gavey’s, with the 
association of senile purpura and ocular haemorrhages A high proportion of the patients 
in his senes had senile dementia He said that examination of normal skm tissue under 
the electron microscope demonstrated the presence of many collagen fibres and very 
occasionally an elastio fibre The abnormal skm m senile purpura showed ‘unhealthy’ 
collagen fibrils and much amorphous matenal, but no elastic fibres It seems that much 
of the matenal in the body which takes elastic stains is not essentially fibrous m nature 
and probably has varying physical properties and composition This question was being 
further investigated 

3 Dr. H N Robson (introduced by Professor D M Dunlop) described his Observa- 
tions on Splenic Function in Thrombocytopenic States Twelve cases of idiopathic thrombo- 
cytopenic purpura were investigated with regard to ohanges in bleeding-time, capillary 
resistance, and platelet counts, before, during, and after splenectomy An alteration m 
capillary state, as manifested by a reduction m bleedmg time, and an increase in capillary 
resistance, was found to begin during the operation, and to precede any alteration in 
platelet levels Similar observations were made on a oontrol senes of 1 3 patients under- 
going splenectomy for other conditions, and seven patients with other abdominal opera- 
tions The results of these control observations indicated that the initial capillary changes 
wero brought about by a non specifio effect of the operation This reaction of the capil- 
lanes was found to be delayed m cases of idiopathic thrombooytopenic purpura os com- 
pared with controls, and it was suggested that there was an abnormality of the capillanes 
as distinct from reduced platelet counts 

Professor L J Davis asked Dr Robson whether he had noted the effect of surgical 
operations, other than abdominal ones, on capillary fragikty He remarked that intra- 
muscular injections of whole blood had been said to exert a haemostatic effect m haemor- 
rhagic states, and suggested that such an effect, if it did exist, might be duo to n non-specific 
traumatizing action similar to that of the abdominal operations described by Dr Robson 

Sm Henry Tidy congratulated Dr Robson on bis paper and pointed out tlint for many 
years ho had protested against tho use of the term thrombocytopenic purpura ns an entire 
misnomor 

Dr Ernest Bulmer, Dr H Soarbobough, and Dr A Thompson also took part m 
tho discussion 

In reply, Dn Robson said that tho capillary changes could be produced bj other forms 
of tissue trauma in addition to surgical operations Similar changes had been observed 
after tho production or a largo linematoma during blood-transfusion in tho caso of idio- 
pathic tlirombocytoponic purpura Tho duration of tho non specific capillary changes was 
\ nrmblc, extending from a few hours to perhaps a few davs It had not been possible so far 
to identify tho agent responsible for tlieso changes, though it seemed unlikely that it was 
the anaesthetic No opportunity had arisen so far to study- tho effects of operation on 
a patient with idiopathic thrombocytopenic purpura whose spleen had been remoted 
Hie rise in platelet counts v. ns very much more pronounced after splenectomy than after 
any other operation 1 J 1 IW - r 
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£ D " °„ F „ Haw ?^ 8 (introduced by Professor T L Hardy) govo a Description of 
a Family Suffering from Multiple Hereditary Anomalies, including Congenital Nephritis 
r T, '° mcmho ™ of i,lw family, consisting of 28 mombors in sis generations, 
were other* wo of normal mental and physical development There was no consanguinity 
Tito commonest trait was a dysplasia of tho finger-nails and elbow joints, and rudimentary 
patollne This triad, duo to a dominant heterozygous geno, occurred m 19 instances 
Occasional features were multiple angiomata of tho akin, congenital cataract, polydactyly, 
pigeon chest , cervical nbs, and spina bifida occulta There wero nmo examples of lhnc 
horns or bony symmetrical processes projecting posteriorly from tho iliac bones, palpable 
m the centre of tho buttock Thoy wero present m a baby of six months and showed 
terminal epiphyses in a girl aged 14 years Thero seemed to be no anatomical or anthropo 
logical explanation of theso peculiar structures A condition resembling chronic glomerulo 
nephritis existed in six of tho family Two died, aged 02 and 60 years , tho remaining four 
persons, two brothers and their daughters, ages ranging from eight to 47 years, were studied 
p\ or two y ears All lmd persistent albuminuria with casts of all types and red blood-coils. 
-Tho specific gravity of the nnno and renal function tests wero within normal limits 
Uroselectan X-ra} in onocaso was normal oxcopt for diminished concentration Radiographs 
in each enso showed renal shadows of normal sizo and shape All the patients were free 
from symptoms, but one had slight hypertension (blood-pressure = 100/110) Thisfamily 
was tlio first recorded oxamplo of tho so-called hereditary 7 familial congenital nephritis 
associated with multiplo do\ olopmental abnormalities elsewhere, supporting tho existence 
of a typo of renal dysplasia that gni o a clinical picture identical with chronic glomerulo 
noplintis 

6 Dit F Pa kicks Weber discussed Combined Osseous and Dermal Dysplasias Ho said 
that it. was a well known mlo that when o no do\ olopmental abnormality occurred others 
should always bo sought Tlio frequent association of various lands of developmental 
abnormalities or malformations wns clearly seen in asylums for mentally defective chil 
dren, where tho abnormality of mental doxelopment was found not rarely 7 to bo associated 
with other do\ olopmental abnormalities, such os mongoloid features, congenital heart- 
disease, malformation of tlio extremities, etc Dr Parkes Weber then mado an attempt to 
clossif\ tlio known combinations of osseous and dermal dysplasias In some cases innous 
other do\ olopmental abnormalities might bo superadded, thereby increasing the number 
of rare syndromes 

Onlv Dr Parkes Weber took port in tho discussion thnt followed 

0 Dr. William Ei ans, in describing A Clinical Sign of Cardiac Pam, said that m 
extensno or salient cardinc infarction tho chest pain was both strong and lasting, and thnt 
widespread injury to the heart produced physical signs which were easy to discover The 
patient wns pale, cold, and sweating undor the stress of almost unbearable pom, tlio 
temperature was low, tho pulse small, and tho blood pressure had dropped, the heart- 
sounds were distant with tnplo licnrt-rhythm, and occasionally a pericardial fhotion sound 
was heard , tho abnormal electrocardiogram ga\ o proof of the diagnosis In the other kind 
of chest pom from restricted cardiac infarction, no such obvious physical signs wero present 
Tho pain itsolf wns less Boicro, neither lastmgas long nor causing symptoms of shock, often 
tho pain was induced onl\ bv effort and quiokly yielded to rest Tlio patient was ambulant 
and might refer casunIK to Jus disability TJntil now, tho identification of coronary artery 
disease in patients in thi 3 group had not boon helped by clinical examination, and it had 
been left to olcctrocardiogmphy to decide the diagnosis He wished to emphasize the 
\ aluo of tnplo heart rhythm in a patient with chest pom , it wns heard in over one fourth 
of patients who subsequently showed on abnormal electrocardiogram from cardiac mlarc 
lion Tho tnplo rhythm was created by addition of the third heart-sound, and washesf 
heard at tho lower end of tho sternum with tlio patient m the recumbent position When 
present, it was hkoly that somo cardiao enlargement, and especially pulmonary congestion, 
would bo foimd on radiological examination of the chest, it depended m no way onthe 
prcsonco of hyportension O wmg to tho paucity of physical signs, the diagnosis of cardiac 
pam in tho ambulant subject had not been possible in the absence of clectrocardiogrop y 
Tnplo hoart-rhythm was a physioal sign of inestimable value, permitting by 7 itself the fr- 

uition of cardiac infarction in over one fourth of such cases Since the au^ultatory sign 
could predict this lesion with tho bell of the stethoscope at the lower end of the sternum, 
wo should apply ourseh es diligently to discover it The sunphoityof the test was dispro 
portionato to tho enormity of the problem which it so often solved 

Tlio communication wns discussed by Da C M Fletcheh, Dr. S B Boot Campbell, 

and Sir Henry Tidy 
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The Association adjourned at 12 50 pun 

At 1 0 p.m the members and guests lunched m the Drill Hall, Queen’s University 

At 2 30 pun there was a cluneal and pathological demonstration at the Royal Victoria 
Hospital 

At 3 45 pm the Association was entertained to tea by the Hospital Committee 


4 15 pnu Afternoon Session 

7 Dr. Alice M Stewart described An Epidemiological Study of Tuberculosis in 
Industry She pointed out that judging by mortality and morbidity statistics the incidence 
of pulmonary tuberculosis in the shoe industry was exceptionally high Hitherto it had 
been thought that this wa3 largely due to factors outside the control of the industry, but 
according to the present investigation working conditions were also responsible Thus, 
there was a close relationship between the current rate of infection and the earner rate in 
vanous occupations within the shoe industry, and also between the incidence of disease 
and the size of the working units m shoe factories Similar findings m other industries 
suggested that spread of infection during working hours was an important factor deter 
mining incidence of disease in the adult population. 


8 Db C C Unouet discussed The Therapeutic Effects of Vitamin B12 He analysed 
the response of 60 patients to Lester Smith’s red crystalline material Megaloblasts 
matured in the bone marrow, clinical improvement followed, and erythrocytes, platelets, 
and leucooytes increased to normal levels. For constructing a do3e response curve the 
reticulocyte response was almost valueless and he used the increase of erythrocytes m 
16 dayB Variations were wide, but on the average 7 to 10 micrograms wore needed to 
produce an increase equal to the expeoted response Increasing the dosage logarithmically 
gave progressively less augmentation of the 15-day erythrocyte increase, but the effect 
was more prolonged Oral administration of 6 micrograms daily was ineffective, whereas 
the same quantity with 60 c c of normal gastno juice produced a satisfactory response 
The mechanism whereby normal gastno juice facilitated absorption of vitamin B12, or 
prevented its destruction m the gastro intestinal tract remained obscure No response 
followed the apphcation of vitamin B12 to the oral mucosa or to its instillation into an 
isolated segment of the ileum In each case similar doses, with normal gastnc juice, given 
by the stomach, produced an effect In three patients with megaloblastic anaemia of 
pregnancy or the puerponum, injections had no effect, whereas all cases subsequently 
responded to folia acid In rune cases of subacute combined degeneration, vitamin B12 
proved oa effective as liver extract The usual dosage was 40 nucrograms a week, and 
a quantitative method of neurological assessment was used 


Dr. Sheila Callender described the optimal response of an untreated case of pernicious 
anaemia to an injected extract of faeces from a patient also with untreated pernicious 
anaemia, containing 1 microgram per oc of B12 equivalent Tins provided further 
ovidonce of a defect in absorption or utilization of B12 from the gastro-mtestmal tract in 
pernicious anaemia 


Professor L J Davis said that ho was interested to leam that Dr Ungloy had con- 
firmed recent American reports that certain eases of megaloblastic anaemia failed to 
respond to vitamin B12, but did so to folic acid He pointed out that certain types of 
megaloblastic anaemia, such as that occurring in pregnanoy, were frequently refractory 
to mjootions of liver detracts, hut responded promptly to oral livor preparations such as 
protcolysed liver 

In his reply. Dr. Unolet wondered whether the high vitamin B12 content of the stools 
of patients with pernicious anaemia was duo to deficient absorption or to biosynthesis in 
tho intestine It would bo interesting to know of values for tho stools of normnl persons 


0 Sro Henri Cohen described a cose of Carotmacmia due to Failure of Conversion of 
Carotene into Vitamin A Ho smd that xunthodermia could anso from jaundice, from tho 
ingestion of such substances ns picno acid or saffron, and from hvpcrcarotmncmia (enro 
tinosis cutis) Ho discussed the known chemistry of the carotinoids and tho metabolism 
of enroteno, showing that this followed two patlis Firstly, after ingestion it might bo 
converted by tho intestinal mucosa (not tho liver) into vitamin A which passed throuoh 
tho thoracic duct and svstomio circulation for storage m the In or, secondly carotene itself 
was transported m lipoids through tho portal v cm to tho In or In Urn body enroteno was 
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OMdiT'ed, nnd m this both thyroid find iron rmght play a part Carotene was not excreted 
m tho nrino On theoretical grounds, tlieroforo, hyporcarotmaomia could result from 
(a) c«f»5iw intake, especially when several pounds of carrots and green vegetables had 
been taken dnilj for slimming, in tho pro insulin treatment of diabetes mollitus or 
because, as in tho war, other foods were in short supply , m theso cases xanthoderma 
appears in six to oiglit months and fades in two to six weeks after tho return to 
a normal diot. 


(6) hyperlipacmia, as in dinbetes mollitus, hypothyroidism, and nephritis, 

(c) failure of conversion of carotene to vitamin A , 

(r/) failure of oxidation of carotene 

llo explained how theso four groups could bo differentiated by estimation of blood lipoids 
and Mtaimn A and tho xanthophjll caroteno ratio of tho blood, and showed coloured 
photogrnplis of patients illustrative of tho first two groups Ho had met one example 
v i Inch ho assigned to tho third group — a u Oman aged 38 j ears, with no dietetic fault, who 
showed xnnthodermin and dofcctivo dark adaptation She had a slightly lowered basal 
metabolic rnto, nil iron deficiency anaemia, and a lustnmine-fnst achlorhydria Her 
vitamin A absorption cur\o was normnl Blood analyses over a period of a jear showed 
a persistent hvporcftrotinnomift, ft marked vitamin A deficiency (corrected by adequate 
mtftko of \ itanim A), normal bloo<l lipoids, and on excess of caroteno over xonthophyll, 
tile opposite! of wlmt occurs in excessive intaho and hyporhpaomia Ho had been unable 
to find ft similar case recorded 


10 Dn V IC St G Brfaxf\ (introduced bv Dr T H Crozier) reported four cases 
of Marfan's Syndrome Although there wero fower than 250 cases or a dozen autopsies 
on record, it was n syndrome as well defined as mongolism, and like mongolism provided 
ft sotting for congenital mnlformntion of tho heart Tho four cases wore in the mam 
characteristic, with nmclunxlactj 1> , small hypotonic muscles, articular deformities, ocular 
abnormalities in two cases and congenital cardiac anomobes m two cases One patient, 
however, showed oesophageal nfresm, important as further ovidonco against the theory of 
n complete inesodermnl dysplasia Tho possiblo association with polj dnctylyandbraohydao 
tj Ij was discussed, sinco a sibling of ono enso had polvdactjlj, and another case showing 
amclmoductvlj of tho bands had lirnch} dnetv ly of ono too The sundanty to amyo 
tonm congenita was also discussed Musclo biopsy in ono case showed an unusual hyahno 
degonerntion, but m tho other tlirco cases was normal A more frequent uso of muscle 
biopsj was urged in view of our scant \ knowledge of tho histopathology of muscular 
dystrophies and mv opatlues gcneralh 


1 1 Dr J Rrm, Dr It D Watsov, and Dr D H Simotmu (mtroduccd by Professor 
J \V McNrr) discussed The Earht Pathology of Acute Rheumatism in the light of Experi- 
mental Obicn ntioni in Therapeutics irith Salicylate Dr Reid said that tho relief of fever, 
Inch} cartlia, and joint pain and swelling in ncuto rheumatic fever with salicylate was so 
certain that if the mode of action of tho drug wero known, tho early pathological changes 
jn tho ncuto rhoumntio state might bo inferred Cobum had shown that the relief of acuto 
rheumatic sj mptoira mid the return of tho erythrocyto sedimentation rnto to normnl both 
dopended on the attainment and maintenance of a high plasma salicj late level Dr Reid 
Imd found that relief of symptoms coincided with acid base changes m tho blood plasma 
and a fall in orj throevte sedimentation rate, with a diuresis, suggesting that changes in 
reaction and \olumo of bod} fluids wore invoked An attempt to find out tho connexion 
between theso two indices of rheumatic activity had been rondo b} simultaneous study of 
ncid-bnso and volume changes m bod} -fluids of patients with rheumatio fever during 
treatment with salioylnte 'Dio results indicated that sabcylate induced a respirator} 
alkalosis which was associated with alteration in tho distribution of water between tissues 
and plasma Water was first withdrawn from tissues and tins led to a temporary increase 
in plasma v olumo Later tho excess wntor was remov ed from the plasma mainly b\ 
diuresis Tho rehof of ncuto joint pain and swelling coincided with the removal from 
plasma Tho two olnof criteria of euro of nn attack of rheumatic fever were thus both 
related to tho same general change, namely, diminution m the water content of tissues and 
plasma respect, v cly Dus suggested that retention of water within the body might be an 
important abnormality in the acuto rheumatio state 

Professor C H Stuart Harris inquired whether similar biochemical studies had been 
mode in other febrile disturbances Did study of the chlorides and sodium support the 
changes demonstrated m body water m acuto rheumatism T 

Dr D A IC Brack asked whether the sabcylate in these observations had ahvaja been 
given m Tombmation with sodium Certain of the phenomena observed, such as the 
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increase in extracellular fluid volume and the presumed loss of potassium from the cells, 
might be partly attributable to a rise in sodium intake 

DbBW Brookfield said that he had seen acute left ventricular failure occur a few 
hours after the institution of salicylate therapy in acute rheumatism with carditis Prompt 
improvement occurred when salicylate was withheld and mersalyl and digoxm were 
administered 

In reply, Dr Reid said that the investigation had been confined to rheumatic fever, 
and other febrile diseases had not been studied The effects were considered to be due to 
salicylate and not to sodium a dminis tration , since similar events followed treatment with 
aspirin, which contained no sodium Treatment of pulmonary oedema was difficult to 
assess because few patients developed the condition Their praotace had been to stop 
salicylate, carry out a venesection, and give mersalyl 


Annual Dinner 

The Annual Dinner was held in the Great Hall, Queen’s University The President, 
Professor W W D Thomson, was in the Chair The toast of the Association was pro- 
posed by the President That of the guests was proposed by Sir Adolphe Abrahams, 
and the Rt Hon William Grant, Minister of Health for Northern Ireland, replied The 
toast of the President was proposed by Sir Henry Tidy The dinner was, m every way, 
an immense success 

Saturday, 9 30 am Morning Session 

12 Dr Donald TAxrNTKB.descTib6dSomeNewToxicHazard8qf Industry He said that the 
importation from Sweden of methyl mercury compounds for use as fungicides against the 
soed-bome diseases of flax was regrettable, not only because Swedish workmen had died 
making them, but also because seed dressing in Great Britain and Ireland was rendered 
hazardous The United States of America made 88,000,000 flourescent strip lamps m 1048 
The han dling of zino beryllium manganeso silicate as a phosphor in such lamps was 
a dangerous hazard to health If inhaled it might cause either pneumonitis or cliromo 
berylliosis Tho manufacture of stilboestrol led all too readily to amenorrhoea in the 
female worker, and loss of sex desire with enlargement of tho broaste in the male Protec- 
tion of the worker was difficult because of the exceedingly small quantity of the material 
needed to do the harm Dimtro-ori/io-cresol sprayed on fields of com in hot weather os 
a weed-killer was highly dangerous to the spray operator Toxic symptoms were thirst, 
los 3 of weight, and fever, tho basal metabolic rate was raised Careless handling of tho 
weed laller had been responsible for unnecessary deaths He illustrated his communication 
by showing some of the substances dismissed and seized the opportunity of recording the 
fingerprints of the President, Professor W W D Thomson. 

13 Sm Adolphe Abrahams described some personal observations he had mode on 
Arterial Calcification Ho said that radiographic evidence of extensive calcification m the 
nrtene 3 of his lower limb hod encouraged an investigation which might throw some light 
on the significance of MSnckeberg’s sclerosis, and tho possible influence of long contmued 
exercise in its production and aggravation He had hod a portion of Ins dorsalis pedis 
artery oxcised Histological examination showed slight fibrous thickening of the lntmnn 
without any true atheroma The mtimnl elastic lamina was pigmented and in one or two 
places reduplicated Tho media showed calcification m the form of clearly circumscribed 
blocks of varying degrees of tluckness, with advanced degeneration of the elastic and 
smooth musole fibres, and replacement by a myxomatous stroma Theso changes were 
absent in a similar biopsj of his radial artery Tho comparatn o infrequency of calcifica 
tion in Buorger’s disease, and the greater incidence m the lower limbs of Buergor’s disease 
and MOnokcberg’s sclerosis, suggested the influence of gravity os well as of muscular 
nativity in tho production of theso conditions, although entirely different pathological 
processes were in question Biochemical investigations wore all within normnl limits 
Despite tho oxtensivo calcification and tho presumed reduction of contractility m tho 
vessels, little impairment of circulatory efficiency had occurred, smeo ho had experienced 
no muscular pam ov en in such exerciso ns running rune miles in an hour Ho hoped that tins 
communication might encoumgo others to rrwho similar observations 


Da T H CnoztER hoped that at the next meeting in Belfast, Sir Adolpho Abrahams 
would bo ablo to give an ov en more complete account of Ins condition 


]4 Dn G M Bull, Dn A M Joekes and Dr K G Lowe (introduced bv Professor 
J McMichai l) described The D.cfdic Retardation of Uraemia in Acute Renal Insufficiency 
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Tho lesions of particular interest were the acute tubular nephroses (mcluding the lower 
nephron nephroses and tho tone nop), roses, typically seen with mercury poisonuS^ 
« hioh tho rona damage was recoverable, ,f tho patient could bo tided over the penod of 
oliguria In 1940 the treatment contred round tho removal of retention products by blood 
dm jtus w ith ft IvolfT artificial kidney In tho Inst year dialysis had virtually been discarded 
and tho treatment consisted entirely of extremely careful control of tho water intake and 
tno numinsst ration of a high cnionc diet containing no protein or mineral salte Of 10 cases 
treated in a ponod of eight months, eight survived and loft hospital well In nono of tho 
cases did tho extreme ohgtina last loss than soven days, and tho blood urea peak was never 
less tlmn 300 mg per 100 o c Both patients v, ho died liad complications otlier than renal 
rtio diulv fluid intake was restricted to 1 litre abov e tho previous 24 hours unnary output, 
that is, if tho pntiont was nnunc only 1 litre was giv cn , tins maintained tho body m normal 
fluid balnnco by componsatmg for extra renal water loss Tho procedure was very sunple 
i\s soon as possible from tlio tuno of onset of tho renal failure, a mixture was dripped slowly 
through an mclvv oiling stomach tube over tho 24 lioure, containing glucoso 400 gm , peanut 
oil 100 gm , sufficient nenem to omutsify , and water 1,000 c c All vomitU 3 was collected, 
filtered, and returned to tho stomach Water mtako was increased ovor 1 litre by o volume 
equal to tho v oluino of unno passed in tho prev ions 24 hours 


Dk I 1 Avi.itv, Joves stated tliat ho had had fivo cases of profound oliguria in patients 
after abortion Ho had treated them without using any of tho recommended measures to 
promote diuresis, such ns hypertonic saline, sodium sulpliato, sucrose, and splanchnic 
block, but had given a basal mtako of fluid, and m nil cases a spontaneous diuresis had 
occurred towards (ho ond of tho second week followed by complete recovery In these 
cases tho blood urea roso about CO mg per 100 co par diom, and tho patients were 
extremely ill during the second and third week Tlio method described by r Dr Joekes 
retarded the rate of increaso of tho blood-urea, and their pationts were less seriously ill 
Ho felt that n conservative approach, but giving a high caloric intake os recommended 
by Dr Joekes was the best method of treating theso cases 

Do. H G Jluxrn asked whether nephrcetomized animals survived longer on this 
regime 

Du Groitor Guaium asked whether tho alkali reservo hnd been estimated Bethought 
that it was important to keep it within normal limits if possible, as tho kidney then bad 
its best clinnco of rccov cry Ho also asked whether it was not possiblo to giv o somo protem 
as it seemed a pity to break down muscle protein unnecessarily 


In reply , Dru JorKEs thanked Dr Avery Jones for his help ond advice m the early days 
of tho mv estigation Ho did not agree tlmt it was adv isnblo to mduco o moderate amount 
of oedema in oliguric patients m order to dilute tho concentration of potassium or other 
toxic BulHtnnces in the body fluids Tlio largo majority of deaths in recoverable oliguric 
renal failure were considered to bo duo to excessive water administration In reply to 
Dr Miller, Dr Jookc 3 said that tho nccurato control of water mtako m rats was difficult, 
but it was known that bilaterally nephrcetomized rats could be kept okvo longer by 
diotctic means Ho did not fool that correction of a low plasma bicarbonate was advisable 
ns this wns difficult without introducing an excess of either kntions or water There was 
no ovidenco that added protoin to tho diet would further reduce the endogenous protem 
breakdown, which in a group of fivo control subjects on this diet was reduced to less than 
2 gm of nitrogen in 24 hours 


1C Professor R A McCakcf. desonbed Some Clinical Results of Severe. Undemutntion 
Ho said that between 1040 and 1048 many cases of undemutntionwere seen among the 
civilian population in Gormany, m tho civil prisons, and particularly among prisoners of 
war repatriated from Russia No s.gns of vitamin defio.eno.es were detected and the 
chances reported ho attributed solely to o deficiency of calories and protem A curious 
ih pallor was very characteristic ond a number of abnormalities were seen m the 
skin "it w Is uncertain to what extent these were connected. The skin, particidady of the 
lew wm often dgj and covered with fine branny scales or large Hakes of epidermis A1 
ZcTof Ireportomtosis pdans were seen and sometimes the papules were pigmented 
CwS uJccreon tho legs were not uncommon among the civil prisoners m 1940 mid must 

ZoS; fct, of ttaEloprf P»°M Tho. 
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were not painful, nor did they vary -with meals Cluneal observation suggested that they 
were composed of hypertrophied gland tissue, and post mortem examination of one gland 
confirmed this Ho suggested that the swellings were really a work-hypertrophy 

Sm Henry Tidy described the changes of pellagra in Egyptians with rapid recovery 
from rucotinio acid therapy He asked if sections of the skin had been taken during 
recovery and pointed out that parotid swellings occurring during lean periods had also 
been known in Egypt for a long time There was no known aetiology 

Dr D K. O’Donovan suggested that the skin changes desonbed by Professor McCance 
might not be due to a simple caloric deficiency A study of the skin m anorexia nervosa 
was of some interest as this disease was probably the best clinical example of uncompli- 
cated calono deficiency There was usually a smooth s kin and a plentiful growth of axillary 
hair with scanty or normal pubic hair There was sometimes a fine downy growth over 
the body The general pattern of hair growth, combined with other findings, suggested 
an inhibition of all the pituitary hormones except that contro lling some adrenal cortiooids 
necessary for life Ovoractivity of the pituitary had been suggested to explain some 
patients who had resumed full diet and showed gross obesity with or without vinhsm He 
presumed that the parotid enlargement was a physiological response to the very high 
carbohydrate diet. 

Db Charles Newman wondered, apropos of the old descriptions of starvation which 
Professor MoCance mentioned, whether the meeting had noticed the description in 
Josephus of the results of famine during the siege of Jerusalem There was a particularly 
good description of the diarrhoea whioh followed over eatmg after prolonged starvation, 
and it included the interesting story of how a party of Jews who escaped from Jerusalem 
swallowed gold corns bofore they left and suffered from diarrhoea after bemg welcomed 
by the Romans and given food Unfortunately for the Jews, the Romans noticed the gold 
coins passed by the first one and proceeded to do post-mortems on the rest without going 
to the trouble of preliminary anaesthesia. 

Professor MoCance m reply said that biopsy sections had been done, but their inter- 
pretation was difficult 

18 Dr H G Miller discussed a case of Polymorphic Collagen-Vascular Disease m 
a 19 year old girl The patient had had a past history of acute and subacute rheumatism 
and angioneurotic oedema, and exhibited over the course of many months a Bkm erup- 
tion clinically similar to that of erythema nodosum, but more widely distributed She 
concurrently developed polyneuritis, a localized transient sclerodermatous lesion, and prob- 
ably an active carditis An initial skm biopsy showed a necrotizing arteritis and peri- 
arteritis identical with that seen in polyarteritis nodosa or erythema nodosum, but a further 
section five months later revealed the appearances of scleroderma without true arteritis 
Such mixed and atypical cases of inflammatory vascular disease were not very uncommon 
They lent clinical support to the unitary conception, based on histopathological and experi- 
mental evidence, that there was a common factor underlying a group of diseases charac- 
terized primarily by necrosis of collagen in the arterial walls and the extravasculnr 
supporting tissues The common faotor appeared to be anaphylactic hypersensitivity, and 
m this group of diseases were included human and experimental serum sickness, some 
forum of drug hypersensitivity, acute rheumatism, polyarteritis nodosa, disseminated lupus 
erythematosus, anaphylactoid purpura, and possibly others They had m common not 
only a basically similar morbid anatomical pattern, varying in local inoidenco and seventy, 
but also a common clinical setting in that they all followed baotonal infections, drug 
intoxications, or foreign serum injection, while clinically they shared a considerable 
common symptomatology wlueh included urticana and erythemas, arthralgias, neplmtis, 
carditis, and migratory pnoumonitis 

Dr S B Boyd Campbell asked if this patient had been having sulphonomides 

Sir Henry Cohen drew attention to tho work of Klemperer, Baobr, and Pollack m 
diffuse collagen discaso Tho changes found in disseminated lupus erythematosus and 
diffuse solorodorma wore observed less conspicuously in rheumatio fox or, dcrmatomyositis, 
ponnrtontis nodosa, rhoumatoid arthritis, Buerger’s disease, scrum sickness, and other 
diseases in which olmical cvidcnco of vascular change, carditis, pleurisy, arthritis, derma- 
titis, and tho like were found Indeed fibrinoid degeneration of collagen could occur both 
as a gonernl end local expression of injury and m a wide \ nnctj of heterogeneous diseaso 
processes There was insufficient ondonco on which to regard all theso as haiing an 
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nllorgio basis , tlioir essential nature might well bo dissimilar Ho discussod also the unpor 
tnnco of recent biochemical work on the collagens, especially hyaluronic acid and hynluroni 
daso and montionctl a gmvo case of Libman Sacks syndromo winch liad Bhown a temporary 
remission on massive doses of ponioillin 

In reply Drt Miixrn said that polyortentis nodosa had already been reported after 
intoxication by a numbor of drugs, including several sulphonamidcs, thiourea, iodine, 
phenytoin, and oven aspirin, so avoidance of potential phnrmncological causes presented 
difficulties Ho agreed that romarkablo rccov erics m tins group of diseases had occasionally 
followed intonsivo penicillin therapy , though ho had had no personal experience of such 
inftssiv o dosage ns mentioned It might be that in responsive cases tlioro was somo persist- 
ing infection as a source of circulating antigen More often neither penicillin nor anti htsta 
mino drugs seemed to mfluenco tho process Ho agreed also tlint collagen necrosis wa3 not 
specific to hypersensitivity reactions, but suggested that clinical and experimental evi 
donee as welt as purely morbid anatomical considerations lent weight to tho suggested 
relationship. 

At the conclusion of tho session. Sir Henry Cohen, on behalf of tho Association, expressed 
thanks to Professor IV. W D Thomson and all tho Belfast members, particularly Dr 
Robert Marshall and Dr T H Crozior, for a most successful meeting 

At 1 15 pm tho members of tho Association wore entertained to Iunoheon by tho 
Minister of Health in the Members' dining room Stormont Tho toa3t of tho Association 
was projwsed by tho Minister, tho Rt Hon William Grant, and Professor John Hay 
responded Afterwards, members were shown round tho Houses of Parliament 



icut/ 


SIR WILLIAM OSLER 

At the request of the Editors, Professor W W D Thomson, President of the Association 
of Physicians, has kindly allowed us to publish the following extract from his speech at 
the Belfast Meeting of the Association 

This centenary year of Osier’s birth should be remembered gratefully by ns at 
this meeting My younger, narrower path never crossed bis older, wider orbit, 
and so I fain could wish that someone with a close and intimate knowledge of 
the man could have recalled bis memory for ns this evening 
How highly he ranked the work done in connexion with medical societies can 
be realized from this passage from ‘his account book’ ‘Completed today ten 
years in Oxford Extraordinarily happy years I have done three useful things 
or better, helped to 'l The Association of British Physicians 2 The Quarterly 
Journal of Medicine 3 The Historical Section of the Royal Society of Medicine ’ 
On the other side of the Atlantic the year 1849 recalls the rush of the ‘forty- 
niners’ to the goldfields of California But there was no surplus gold to he 
found m the log parsonage at Bond Head near the edge of the almost unbroken 
primeval forest which in those days was Upper Canada, where on July 12, 1849, 
was bom William Osier, the eighth child of the Rev Eeatherstone Osier and his 
wife, Ellen 

Mr Osier had come from Cornwall and settled down as a missionary clergy- 
man in the wilds of Canada 1 2 years before The young pair had endured for the 
first few years a life of actual and almost intolerable hardship, but at the time 
of which I Bpeak the family was comfortably established at Bond Head, a 
growing village of some 200 people The majority of the more recent colonists 
were ardent Orangemen from Ulster 

Eor some years it had been the custom of the Orangemen of the district to 
gathor at Bond Head for their annual celebration of the Battle of the Boyne on 
the Twelfth of July, just as they had done in their native Ulster Adorned with 
sashes and orange lilies they marohed to Mr Osier’s parsonage where they were 
sympathetically and cordially received and speeches were made to the ‘pious, 
glorious, and immortal memory ’ of King William On their annual visit in 1849 
they learnt that a new baby hoy had arrived that very day at the parsonage. 
Tho Orangemen insisted he should be called ‘William’ despite the original 
choice of his parents for the names ‘Walter Farquhar ’ The baby was promptly 
dubbed tho Young Prince of Orange, and ‘William’ he was duly christened 
Cushing narrates that on his subsequent birthdays, decked out m the appro- 
priate colours of orange and blue he was brought out on the parsonage veranda 
to greet tho procession, which tho other children came to regard as arranged 
solely in his honour 

Just as Osier in his lifetime, whether m Montreal, Philadelphia, Baltimore, or 
Oxford, was tho teachor, friend, and fellow student to every earnest seeker after 
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truth m medicine, so to many of my own and later generations who were brought 
up on his original text-book, who have read hie monographs, and who have 
studied and pondered his addresses, he ib Btill the wise friend, the olmical adviser, 
the unseen consultant, and the peacemaker when professional faction arises 
His published addresses ensure the persistence of his influence ‘He being dead 
yot speakoth ’ The essays m ‘ Acquammitas’ should be the ‘Rebgio Medici’ of 
every medical studont and young doctor 
J. M Bamc tells us 'if you have charm you don't need to have anything else' 

‘ Osier’s mam strength lav in the singular and unique charm of his presence , in 
the sparkling brilliancy of his mmd , m the rare beauty of his character and life 
and m the example that ho sot to his fellows and his students He was a quicken- 
ing spirit ' So wrote W S Thayer his faend and colleague at Johns Hopkins, 
and lot mo conclude with a few lines of Thaj'er’s poem on Osier 

A tongue that dances with tho ready word 
That like an arrow 6eeks its chosen goal, 

A presenco like the freshening breeze that as 
It passes sweops tho poisoned cloud aside , 

A heart whose alchemy transforms the dross 
Of dull suspicion to tho gold of love 
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